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FORECASTING  COLD  AIR  STRATOCUMULUS  OVER 
THE  YELLOW  SEA 

Harold  Lloyd  Massie,  Jr. 

ABSTRACT 

A  statistical-dynamical  model  is  presented  for 
forecasting  the  areal  amount  of  cold  air  stratocumulus 
within  a  gridded  area  over  the  Yellow  Sea.  For  short- 
range  applications,  the  model  is  found  to  offer  signifi¬ 
cant  improvement  over  methods  based  on  persistence  and 
climatology.  For  forecasts  of  12  hours,  the  model  accuracy 
is  68%  for  a  0-class  error  and  the  skill  score  is  32%  with 
respect  to  persistence. 

’Satellite  pictures  from  NOAA-6  are  used  in  satis- 
cally  analyzing  cloud  amounts  from  November  1981  through 
February  1982.  Cloud  amount  (N) ,  defined  as  the  amount  of 
stratocumulus  cloud  field  within  the  gridded  area,  is 
related  to  stability  and  relative  humidity  in  the  boundary 
layer.  Stability  is  given  by  the  "boundary  layer  stability 
parameter,"  a  quantity  based  on  850  mb  height  and  temperature 
and  the  sea  surface  temperature.  The  statistical  analysis 
yields  regression  equations  which  are  used  in  a  stepwise 
fashion  to  predict  N.  These  are  combined  with  a 
Lagrangian  model  to  complete  the  statistical-dynamical  model. 

The  Lagrangian  model  simulates  the  modification  of 
continental  polar  air  to  maritime  polar  air.  Predictors 
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for  the  empirical  equations  are  obtained  from  the  numerical 
simulation.  Key  variables,  such  as  the  850  mb  temperature 
and  relative  humidity,  were  found  to  agree  well  with  obser¬ 
vations.  The  sensitivity  of  the  simulation  to  simplifying 
assumptions  is  investigated.  The  model  is  sensitive  to 
variations  in  the  range  of  vertical  velocity  and  entrainment 
rate. 
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CHAPTER  1 


INTRODUCTION 

Cold  air  stratocumulus  is  a  name  often  used  for  the 
mesoscale  convective  clouds  covering  large  areas  of  the 
western  Atlantic  and  Pacific  during  winter.  These  clouds 
are  the  products  of  air-sea  interaction  as  the  atmospheric 
boundary  layer  is  heated  and  moistened  by  the  ocean. 

Clouds  of  this  type  occur  frequently  over  the  Yellow  Sea 
and  along  the  west  coast  of  South  Korea  during  the  north¬ 
west  winter  monsoon.  Often  accompanied  by  locally  heavy 
snow  with  low  ceilings  and  restricted  visibilities,  these 
clouds  create  hazardous  conditions  for  all  aviation.  Thus, 
their  effect  on  U.S.  Air  Force  facilities  and  operations 
in  Korea  is  of  particular  concern  to  the  Air  Weather 
Service  (AWS) . 

There  are  few  references  on  operational  techniques 
for  defining  areas  of  marine  stratocumulus  development.  The 
30th  Weather  Squadron  (30WS)  Local  Analysis  and  Forecast 
Procedures  (LAFP)  (U.S.  Air  Force,  1982)  discuss  this  prob¬ 
lem  from  the  traditional  viewpoints  of  continuity,  persis¬ 
tence,  and  rules  of  thumb.  Continuity  and  persistence 
involve  the  use  of  pictures  from  meteorological  satellites 
to  follow  the  movement  of  and  changes  in  the  stratocumulus 
cloud  field.  However,  this  approach  is  not  applicable 
unless  clouds  are  already  present,  leaving  unsolved  the 
forecast  problems  associated  with  the  onset  of  cloud  activ- 
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ity.  Rules  of  thumb,  based  on  case  studies,  mostly  rely 
on  forecasts  of  air-sea  temperature  differences  to  aid 
forecasts  of  developing  stratocumulus .  Either  the  surface 
or  the  850-mb  temperature  is  chosen  for  this  purpose.  The 
main  weakness  of  these  rules  of  thumb  is  the  lack  of  a  way 
to  quantify  the  effects  of  diabatic  processes  on  the  temp¬ 
erature  of  air  flowing  over  the  sea.  In  most  cases  the 
forecaster  can  only  guess  how  much  warming  will  occur. 

Temperature  changes  associated  with  diabatic  heating  often 
cause  significant  errors  in  forecasts  based  on  rules  of 
thumb . 

Numerical  forecast  products  from  the  AWS  primitive 
equation  model  (PE)  are  readily  available  to  units  in 
Korea.  PE  forecasts  of  the  lOOO-to-500  mb  thickness 
field  often  help  in  tracking  the  movement  of  cold  air 
masses,  but  problems  arise  when  one  attempts  to  apply  this 
information  to  timing  the  onset  or  extent  of  stratocumulus. 

Because  no  statistical  relationships  have  been  developed 
between  cold  air  stratocumulus  activity  and  the  PE  output, 
the  forecaster  cannot  be  certain  of  the  thickness  value 
associated  with  cloud  development.  Other  products,  derived 
either  totally  or  in  part  from  the  PE,  furnish  area  fore¬ 
casts  of  low  clouds  over  the  Yellow  Sea,  However,  these 
products  often  perform  poorly  for  stratocumulus  because  of 
the  PE's  rather  broad  handling  of  diabatic  processes. 

Therefore,  one  concludes  there  is  a  need  for  an  effective 
method  of  determining  areas  of  marine  stratocumulus  develop- 
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ment  during  cold  air  outbreaks. 

A  primary  goal  of  meteorological  satellite  resecirch 
has  been  to  obtain  quantitative  information  about  conven¬ 
tional  atmospheric  parameters  by  using  satellite  cloud 
imagery.  For  example,  Rogers  (1965)  presented  a  technique 
for  estimating  low-level  wind  velocity  from  satellite 
photographs  of  cellular  convection.  More  recently,  Chou 
and  Atlas  (1981)  developed  a  means  of  estimating  ocean- 
air  heat  fluxes  in  cold  air  outbreaks  by  measuring  the 
displacement  of  stratocumulus  cloud  lines.  Other  studies, 
many  cited  by  Anderson  et  al^.  (1969),  have  shown  correla¬ 
tions  between  certain  recurring  cloud  patterns  and  recurring 
atmospheric  conditions.  Included  among  these  is  the  pre¬ 
ferred  occurrence  of  cold-air  stratocumulus  cloud  lines  to 
the  east  of  the  continents  in  cold,  dry  air  advancing  ahead 
of  an  intense  anticyclone.  Krueger  and  Fritz  (1961)  sug¬ 
gested  that  such  activity  is  promoted  by  air-sea  interac¬ 
tion.  The  ocean,  acting  as  a  source  of  heat  and  moisture, 
rapidly  modifies  the  invading  cold  air  and  causes  the 
planetary  boundary  layer  to  become  convectively  unstable. 

Both  the  horizontal  and  vertical  extent  of  the 
stratocumulus  cloud  field  depend  upon  the  vertical  structure 
of  the  boundary  layer.  Certain  similarities  with  laboratory 
experiments  on  cellular  convection  in  a  fluid  heated  from 
below  supply  guidance  in  the  selection  of  parameters  for 
statistical  studies  of  the  atmospheric  version  of  this 
phenomenon.  If  correlations  exist  between  these  parameters 
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and  cloud  coverage,  as  seen  in  a  defined  area  on  satellite 
pictures,  then  one  can  develop  empirical  equations  for 
stratocumulus  activity. 

Application  of  the  statistical  relationships  requires 
a  means  of  forecasting  the  needed  atmospheric  parameters. 
This  problem  is  not  trivial.  Again,  the  main  problem  is 
diabatic  heating.  Air  modification  over  the  Yellow  Sea 
leads  to  forecast  errors  if  parameters  are  based  on  simple 
extrapolation  of  variables  from  local  weather  charts  or  if 
they  are  extracted  from  the  PE. 

This  thesis  will  present  another  approach  to  the 
problem  of  forecasting  the  required  parameters.  Predictors 
will  be  generated  by  a  simple  two-layer  Lagrangian  model 
that  uses  tendency  equations  to  numerically  simulate  the 
effects  of  diabatic  processes  on  temperature  and  humidity 
in  the  boundary  layer.  This  method  is  inspired  by  the  con¬ 
siderable  effort  devoted  by  other  researchers  to  increasing 
the  knowledge  of  processes  involved  in  oceanic  boundary 
layer  modification.  Since  the  chief  aim  of  this  research 
is  not  a  theoretical  investigation  of  the  boundary  layer  but 
rather  to  apply  the  existing  theory  to  the  development  of  a 
practical  forecast  tool,  the  model  presented  here  simplifies 
the  more  complex  Lagrangian  models  from  which  it  borrows. 

The  statistical-dynamical  methods  of  weather  fore¬ 
casting  are  objective  techniques  which  apply  statistical 
relationships  between  a  predictand  and  one  or  more  predic¬ 
tors.  Panofsky  and  Drier  (1968)  have  classified  these 


methods : 
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1.  Linear  rearession  or  multiole  discriminant 
analysis . 

2.  Successive  graphical  regression. 

3.  Stratification. 

4.  Residual  method. 

5.  Mixed  methods. 

The  residual  method  is  used  in  this  study. 

From  the  turbulent-radiative  theory  of  organized 
cellular  convection  (Oliver  et  al. ,  1978)  a  stability  para¬ 
meter  based  on  the  sea  surf ace-to-8 50  mb  temperature  lapse 
rate  is  chosen  as  a  predictor.  The  correlation  between 
cloud  amount  in  a  defined  study  area  and  the  stability 
parameter  is  investigated  by  linear  regression  analysis. 
Model  output  is  used  in  analyzing  the  residuals.  The 
correlation  between  the  residuals  and  the  model  output 
850  mb  relative  humidity  is  likewise  determined  by  linear 
regression . 

In  this  study  cloud  amount  always  refers  to  the 
number  of  1°  latitude  by  1°  longitude  grid  cells  at  least 
half  filled  by  part  of  a  stratocumulus  cloud  field  located 
within  an  area  extending  from  34  to  37° N  and  from  123  to 
126° E  (Figure  1).  Both  theory  and  observation  show  that 
the  spacing  between  cloud  lines  is  small  compared  to  their 
width  and  length.  Thus,  the  spacing  between  lines  is 
disregarded  in  counting  cloud  amount. 

The  purpose  of  this  thesis  is  to  develop  a  simple 
statistical-dynamical  model  for  short-range  forecasting  of 
cold  air  stratocumulus  over  the  Yellow  Sea  and  to  test 
their  model  by  usinn  satellite  imagery.  The  model  testing 


6 


covers  forecast  periods  of  12,  18,  and  24  hours.  The  skill 
of  the  model  is  evaluated  with  respect  to  chance,  clima¬ 
tology,  and  persistence.  Another  objective  of  this  research 
is  to  present  the  statistical  climatology  of  cold-air  strato- 
cumulus  during  the  period  of  November  1981  through  February 
1982.  The  results  of  the  statistical  analyses  leading  to 
the  development  of  the  empirical  forecast  equations  are 
included.  This  study  suggests  that  the  forecast  model  has 
value  as  an  applied  forecast  tool  and  that  it  is  suitable 
for  use  on  a  microcomputer  in  small  weather  units. 
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CHAPTER  2 


BACKGROUND 

A.  THEORY  ON  CELLULAR  CONVECTION 

Since  the  beginning  of  the  meteorological  satellite 
program  in  1961,  satellite  pictures  have  revealed  that  vast 
regions  of  organized  cellular  convection  occur  over  the 
oceans.  Although  the  existence  of  this  phenomenon  in  the 
atmosphere  is  a  relatively  new  observation,  the  systematic 
study  of  cellular  convection  in  gaseous  and  liquid  media 
began  early  in  this  century. 

Benard's  classical  experiment  in  1901  stimulated 
subsequent  research  leading  to  recent  progress  in  the 
understanding  of  atmospheric  cellular  convection  (Agee  et  , 
1973) .  Working  with  a  very  thin  layer  of  liquid  heated 
uniformly  from  below,  Benard  induced  instability  in  the 
fluid.  The  initially  motionless  fluid  layer  then  resolved 
itself  into  convective  cells,  each  exhibiting  rising  motion 
at  its  center  and  sinking  motion  at  its  common  boundary  with 
adjacent  cells.  Benard  observed  two  phases  of  convection. 

One  was  described  as  a  short-lived  "semi-regular  regime" 
whereas  the  other  consisted  of  a  permanent  regime  of 
regular  hexagons. 

Brunt  (1951)  describes  a  simple  experiment  for  simu¬ 
lating  cellular  convection.  A  thin  layer  of  gold  paint  is 


8 


poured  into  a  shallow  layer  in  a  container.  The  evapora- 
tional  cooling  at  the  surface  of  the  volatile  liquid  pro¬ 
duces  instability,  causing  the  suspended  gold-colored 
flakes  to  organize  into  cellular  patterns.  Each  cell  has 
relatively  clear  and  opaque  areas  corresponding  to  a  rising 
core  and  a  sinking  boundary,  respectively. 

The  term  "Benard  cell,"  the  type  of  convection 
observed  in  Brunt's  paint  experiment,  has  caused  some  con¬ 
fusion  in  the  meteorological  literature.  The  misinterpre¬ 
tation  is  largely  because  Benard 's  experiments,  as  well  as 
Brunt's,  deal  with  a  different  phenomenon  in  a  different 
medium  (Agee  e_t  a^.  ,  1973)  .  Benard  cells  occur  in  shallow 
liquids  and  are  driven  by  surface  tension  gradients  on  the 
free  surface.  Cellular  convection  in  the  atmosphere  is 
driven  by  buoyancy. 

The  theoretical  study  of  buoyancy-driven  convective 
cells  began  with  Rayleigh  (1916),  who  determined  the  cri¬ 
terion  for  their  existence.  This  criterion  states  that 
cellular  convection  occurs  when  the  density  at  the  top  of 
the  fluid  layer  exceeds  that  at  the  bottom  by  an  amount  that 
varies  directly  as  the  molecular  heat  conductivity  and  vis¬ 
cosity,  and  inversely  as  the  cube  of  the  depth  of  the  fluid. 

Agee  et  a^.  (1973)  recommended  proper  nomenclature 

for  the  two  distinctly  different  physical  processes  responsi 
ble  for  natural  cellular  convection.  "Benard  cells"  should 
indicate  surface  tension-driven  cells  in  liquids  with  ascend 
ing  motion  but  a  depressed  free  surface  at  the  cell  center. 


"Rayleigh  cells"  should  indicate  all  buoyancy-driven  convec¬ 
tive  cells.  Rayleigh  cells  may  have  downward  or  upward 
motion  at  cell  center.  In  Rayleigh  cells  the  fluid  surface 
is  elevated  above  the  rising  motion  and  depressed  above  sink¬ 
ing  motion.  Figure  2  has  been  adapted  from  Agee  e;t  a^.  (1973) 

and  Moyer  (1976)  to  illustrate  the  two  types  of  cells. 

Other  research  (Graham,  1933;  Chandra,  1938;  Avsec, 
1939)  was  prompted  by  the  work  of  Benard  and  of  Rayleigh. 
Benard  had  suggested  that  certain  cloud  patterns  in  the 
atmosphere  might  be  similar  to  the  cellular  patterns 
observed  in  unstable  liquids.  Thus,  it  is  not  surprising 
that  efforts  were  made  to  link  experimental  observations  to 
the  atmosphere.  In  their  experiments,  researchers  induced 
thermoconvective  cellular  patterns  in  smoke-laden  air  con¬ 
fined  w'ithin  a  suitable  container.  The  air  inside  was 
destabilized  by  heating  from  below. 

The  Rayleigh  criterion  predicted  the  onset  of  convec¬ 
tive  behavior  if  the  vertical  gradients  in  temperature  and 
density  reached  the  critical  threshold.  It  was  shown  that 
the  fluid  mixture  broke  into  a  series  of  polygonal  cells  if 
no  shearing  motion  in  the  vertical  was  present.  By  intro¬ 
ducing  shearing  motions  into  the  chamber,  researchers 
artificially  produced  longitudinal  rolls  in  the  flowing 
medium.  These  rolls  exhibited  helical  motion.  The  equations 
governing  this  flow  are  very  complex  and  embrace  the  com¬ 
bined  effects  of  viscosity,  buoyancy,  and  vorticity  on  the 
fluid.  Extensive  discussions  of  the  classical  laboratory 
experiments  and  the  theoretical  investigations  of  Rayleigh 
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on  fluid  instability  may  be  found  elsewhere,  e.g.,  Agee 
et  al .  ,  1973;  Graham,  1933;  Chandra,  1938  ;  Avsec ,  1939. 

B.  ATMOSPHERIC  CELLULAR  CONVECTION 

Meteorological  satellites  have  added  a  new  dimension 
to  the  study  of  organized  convective  cloud  patterns  in  the 
atmosphere.  These  platforms  allow  meteorologists  to  study 
cloud  organization  and  behavior  not  previously  observable 
from  the  ground.  The  basis  for  systematic  study  of  atmos¬ 
pheric  cellular  convection  is  readily  suggested  by  certain 
similarities  of  the  cloud  patterns  to  those  obtained  in  the 
laboratory  experiments. 

In  one  of  the  first  reports  on  satellite  observa¬ 
tions  of  cellular  cloud  patterns,  Krueger  and  Fritz  (1961) 
noted  that  significant  differences  exist  between  atmos¬ 
pheric  cellular  convection  and  that  produced  in  experimen¬ 
tal  chambers,  despite  their  strikingly  similar  appearance. 
These  differences  involve  scale,  structure,  heat  conduction, 
viscosity,  latent  heating,  and  the  spatial  variation  of 
heating.  The  first  two  can  be  used  for  illustration.  In 
the  experimental  chambers,  the  diameter-to-depth  ratio  of 
the  convective  cells  is  on  the  order  of  3-to-l.  In  the 
atmosphere,  values  of  up  to  10  times  this  amount  are  seen. 
Cells  observed  in  the  laboratory  show  a  very  simple  scale 
and  structure.  The  walls  of  the  cells  observed  in  the 
atmosphere  actually  consist  of  individual  cloud  elements, 
their  presence  indicating  several  interacting  scales  of 
motion.  Nevertheless,  the  classical  theory  has  provided 
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important  guidance  toward  a  more  complete  understanding  of 
organized  atmospheric  convection. 

Observation  and  study  of  the  banded  structure  of 
atmospheric  cellular  convection  have  been  enhanced  by 
meteorological  satellites.  There  is  some  confusion  in  the 
literature  over  the  terminology  for  these  bands.  Many 
writers  use  the  terms  "cloud  band",  "cloud  line",  and 
"cloud  street"  interchangeably.  This  thesis  will  follow 
the  AWS  definitions  (Anderson  et  ,  1969)  .  According  to 
these,  a  cloud  band  is  a  continuous  cloud  pattern  having  a 
width  of  at  least  60  nautical  miles  and  a  length-to-width 
ratio  of  at  least  4-to-l;  a  cloud  line  is  a  continuous 
cloud  pattern,  less  than  60  nautical  miles  in  width,  and 
comprised  of  cloud  elements  which  appear  connected  on  the 
satellite  picture;  and  a  cloud  street  is  a  cloud  pattern 
of  less  than  60  nautical  miles  in  width  comprised  of  cloud 
elements  which  do  not  appear  to  be  connected  on  the 
satellite  picture. 

Kuettner  (1959)  mentions  that  glider  pilots  have 
supplied  much  information  on  cloud  street  structure.  They 
have  observed  that  a  combination  of  thermal  convection  and 
strong  winds  occur  in  cloud  streets.  The  pilots  take  advan¬ 
tage  of  the  tedious  circling  technique  in  the  columnar 
thermals  for  a  comfortable  tailwind  flight.  Sea  gulls  have 
also  enjoyed  this  method  of  travel  for  millions  of  years. 


The  cumulus  tops  of  the  cloud  streets  have  a  definite 
ceiling,  indicating  the  existence  of  a  temperature  inversion 


that  restricts  the  vertical  motion  to  a  well  defined  layer. 
Mountains  tend  to  disturb  rather  than  create  cloud  streets, 
hence  providing  a  possible  reason  why  they  are  best  developed 
over  the  oceans.  The  vertical  motion  consists  of  updrafts 
under  the  cloud  base  and  of  downdrafts  in  the  space  between 
bands.  The  accompanying  horizontal  winds  show  strong  curva¬ 
ture  of  wind  speed  profile  in  the  vertical  and  contain  a 
maximum  within  the  convective  layer.  There  is  very  little 
indication  of  uniform  speed.  The  variations  of  wind  direc¬ 
tion  with  height  are  quite  small.  In  most  cases  the  wind 
speed  in  the  lower  part  of  the  layer  is  considerably  higher 
than  normal  and  at  times  a  jet-like  wind  maximum  appears 
near  the  ground.  The  stable  layer  is  typically  located  at 
about  2  km  above  the  ground  (Kuettner,  1959) . 

Kuettner  also  describes  the  synoptic  situation 
associated  with  the  development  of  oceanic  extratropical 
cloud  streets.  In  most  cases  they  occur  during  outbreaks 
of  polar  air  advancing  over  warm  water.  An  intense,  cold 
anticyclone  is  usually  found  on  the  surface  analysis  in  the 
area  affected.  The  low  level  wind  trajectories  extend  from 
the  cold  air  toward  the  warm  water. 

The  presence  of  a  temperature  gradient  along  the  wind 
flow  calls  for  a  decreasing  pressure  gradient  with  height. 

By  the  time  the  700  mb  level  is  reached,  not  much  evidence  of 
a  surface  high  is  found.  If  it  were  not  for  friction,  the 
observed  winds  would  have  a  maximum  speed  at  the  surface. 

Cold  air  advection,  indicated  by  the  temperature  gradient 
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along  the  flow,  requires  the  winds  to  back  with  increasing 
height.  However,  the  small  variation  of  wind  direction  with 
height  causes  the  upper  geostrophic  wind  vector  to  line  up 
with  that  of  the  wind  in  the  lower  frictional  flow.  The 
curved  wind  speed  profile  exists  because  of  the  decrease  in 
friction  with  height  in  the  lower  part  of  the  layer  and  the 
decrease  in  thermal  wind  speed  near  the  top  of  the  layer. 

Krueger  and  Fritz  (1961)  studied  the  vertical  struc¬ 
ture  of  the  boundary  layer  in  regions  of  cellular  convection. 
They  concluded  that  the  lapse  rate  becomes  nearly  dry  adia¬ 
batic  in  a  layer  of  moist  air  being  heated  at  the  ocean 
surface.  Over  this  layer  lies  another  of  greater  stability, 
serving  to  inhibit  convection.  Throughout  the  convective 
layer,  there  are  only  small  variations  in  wind  speed  and 
direction  above  the  part  influenced  by  surface  friction.  The 
buoyancy  of  the  cumuliform  clouds  arises  partly  from  the 
heating  of  the  air  at  the  surface.  It  was  noted  that  radia¬ 
tive  cooling  at  the  cloud  tops  also  contributes  to  desta¬ 
bilization  of  the  boundary  layer. 

Faller  (1965)  investigated  the  conditions  leading  to 
the  development  of  longitudinal  convective  rolls.  He  showed 
that  convection  in  the  turbulent  Ekman  layer  would  take  the 
form  of  stationary  roll  vortices  caused  by  shear  instability 
in  the  vertical  wind  profile.  These  could  then  generate 
clouds  if  the  relative  humidity  were  high  enough.  The 
longitudinal  axis  of  these  rolls  would  have  a  horizontal 
orientation  between  the  direction  of  the  surface  wind  and 
that  of  the  upper  geostrophic  flow.  LeMone  (1973)  showed 
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that  buoyancy,  in  addition  to  vertical  wind  shear  insta¬ 
bility,  was  needed  in  order  to  maintain  longitudinal  rolls, 

C.  AIR  MASS  MODIFICATION 

Air  masses  are  vast  bodies  of  horizontally  uniform 
air.  They  may  be  modified  either  by  thermodynamic  or 
mechanical  processes.  Thermodynamic  modification  involves 
the  transfer  of  heat  and  moisture  between  the  bottom  of  the 
air  mass  and  the  surface  over  which  it  moves.  The  extent  of 
modification  depends  upon  the  original  characteristics  of 
the  air,  the  characteristics  of  the  underlying  surface,  the 
air  trajectory,  and  the  length  of  time  the  air  is  subjected 
to  change  (Trewartha,  196  8)  . 

In  winter,  the  general  direction  of  airflow  over  the 
Yellow  Sea  is  dominated  by  the  northwest  winter  monsoon, 
prevailing  over  all  eastern  Asia.  During  this  period,  the 
surface  winds  appear  to  originate  in  a  cold  anticyclone 
centered  in  the  Lake  Baikal  area  of  Siberia.  At  its  source 
over  the  continent,  the  northwest  monsoon  is  extremely  cold, 
dry,  and  stable.  The  seaward  advance  of  this  air  is  not 
always  steady  but  is  in  the  form  of  nonperiodic  surges. 

This  behavior  suggests  that  the  anticyclone  is  fed  at 
higher  levels  by  expulsions  of  artic  air  moving  southward 
on  the  rear  of  deep  upper  tropospheric  troughs  (Trewartha, 
1968)  . 

The  magnitude  of  the  Asiatic  winter  monsoon  is  a 
consequence  of  Asia's  size  and  topography.  Because  the 
monsoon  remains  so  fully  developed  throughout  the  winter, 
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the  western  Pacific  probably  has  the  earth’s  highest  fre¬ 
quency  of  cold  air  outbreaks  and  of  episodes  involving  the 
modification  of  continental  polar  (cP)  air  to  maritime 
polar  (mP)  air. 

As  cold,  dry  air  streams  off  the  continent,  it 
immediately  undergoes  modification  due  to  air-sea  inter¬ 
action.  The  exchange  process  causes  heat  and  moisture  to 
be  transferred  from  the  sea  to  the  air  at  the  air-sea 
interface.  The  well  known  result  of  this  activity  is  the 
development  of  cold  air  stratocumulus  in  the  convectively 
unstable  boundary  layer. 

Figure  3  is  a  satellite  picture  from  NOAA-7  on  1 
December  1981.  It  shows  organized  cellular  convection  in 
the  form  of  lines  of  cold  air  stratocumulus  over  the  Yellow 
Sea  and  East  China  Sea.  The  downstream  changes  in  cloud 
pattern  from  longitudinal  convective  rolls  into  polygonal 
cells  are  caused  by  air  mass  modification  and  changes  in 
the  vertical  wind  structure.  This  behavior  has  been  dis¬ 
cussed  by  Hubert  (1966). 

Many  studies  have  been  published  on  the  modification 
of  cP  air  over  warm  bodies  of  water,  e.g.,  Lettau  (1944) , 
Craddock  (1951),  Manabe  (1957,  1958),  Ninomiya  (1972), 
Lenschow  (1973),  and  Henry  and  Thompson  (1976).  Most  of 
these  have  focused  on  surface  heat  fluxes. 

Burke  (1945)  investigated  transformation  of  cP  air 


to  mP  air  by  using  a  semi-empirical  method.  He  divided  the 
boundary  layer  into  three  parts  (Figure  4) .  The  bottom  layer 
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Figure  4.  Transformation  of  cP  air  to  mP  air. 

(After  Burke,  1945;  Haltiner  and  Martin, 
1957) . 
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extended  from  the  surface  to  15  meters  and  had  the  steepest 
moisture  and  temperature  gradients.  The  second  layer  was 
between  15  meters  and  the  cloud  condensation  level  (CCL) . 

It  had  nearly  constant  values  of  potential  temperature  and 
specific  humidity.  The  third  layer  began  at  the  cloud  con¬ 
densation  level  and  extended  upward  into  the  cloud  layer. 

It  had  nearly  constant  values  of  equivalent  potential 
temperature.  Burke's  figure  represents  the  vertical  struc¬ 
ture  of  the  boundary  layer  during  episodes  of  cold  air 
stratocumulus  if  a  capping  inversion  or  stable  layer  is 
added  above  the  boundary  layer  (Figure  5) . 

D.  BOUNDARY  LAYER  MODELS 

Lagrangian  models  have  been  developed  to  simulate 
the  behavior  of  the  cloud-topped  planetary  boundary  layer 
Lilly  (1968),  Deardorff  (1976),  Schubert  et  aj^.  (1979), 

Stage  (1979),  Albrecht  et  al^.  (1979),  Randall  (1980),  and 
Stage  and  Businger  (1981) .  These  models  simulate  changes 
in  the  layer  with  time  in  air  flowing  over  the  ocean.  They 
have  greatly  improved  understanding  of  the  dominant  pro¬ 
cesses  in  air  mass  modification.  These  models  use  the  bulk 
aerodynamic  method  to  specify  surface  heat  fluxes.  They 
mainly  differ  in  their  treatment  of  radiative  fluxes  and 
entrainment.  For  simplicity,  they  all  assume  a  characteris¬ 
tic  vertical  structure  for  the  boundary  layer. 

Stage  (1979)  developed  a  model  especially  for  cold 
air  outbreaks  over  water.  He  assumed  that  the  initial 
characteristics  depended  upon  the  past  history  of  the  air 
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Figure  5-  Modification  of  Burke's  figure  to  si 
temperature  inversion  capping  the 
planetary  boundary  layer. 


and  the  synoptic  weather  pattern.  Since  the  air  is 
initially  much  colder  than  the  water,  an  extremely  unstable 
layer  forms  near  the  surface  and  grows  rapidly  in  height 
as  the  air  moves  farther  offshore.  After  a  few  kilometers, 
this  layer  becomes  the  PEL  and  is  well  mixed  from  the  sur¬ 
face  to  the  capping  inversion.  As  this  layer  warms  and 
moistens  its  depth  grows  slowly  by  turbulent  entrainment 
of  air  from  the  inversion  layer.  Eventually  the  air  is  moist 
enough  for  clouds  to  develop  near  the  top  of  the  layer. 

Once  clouds  form,  latent  heating  and  radiative  cooling  of 
the  cloud  layer  influence  the  boundary  layer  energetics. 

Stage  chose  to  neglect  solar  radiation  in  his  model.  Other 
important  features  of  Stage's  model  include: 

1.  Radiative  heat  loss  near  the  cloud  top  occurs 
entirely  within  the  mixed  layer. 

2.  Turbulent  kinetic  energy  produced  by  buoyancy 
is  the  driving  mechanism  for  entrainment. 

E.  SATELLITE  STUDIES  OF  MESOSCALE  CELLULAR  CONVECTION 

From  the  earliest  days  of  meteorological  satellites, 
it  was  clear  that  these  platforms  would  greatly  enhance 
studies  on  cloud  behavior.  Regions  from  which  observations 
were  not  previously  available  are  now  monitored  by  satellites. 
The  result  has  been  an  ever-increasing  awareness  of  organized 
cloud  patterns  not  observable  from  the  ground.  Satellite 
pictures  have  improved  the  geographic  coverage  of  cloud 
data,  yielding  what  one  might  call  a  climatology  or  meso- 
scale  cellular  convection  (Agee  eif  ,  1973).  The  recog¬ 
nition  that  cold  air  stratocumulus  preferably  forms  oast  of 
the  continents  in  outbreaks  of  cold  air  is  one  example. 


Analysis  of  satellite  pictures  provides  three  basic 
types  of  information  about  clouds:  amount,  type,  and 
pattern.  It  is  sometimes  possible  to  determine  specific 
modes  of  atmospheric  behavior  such  as  Rayleigh  convection 
and  longitudinal  roll  vortices. 

Satellite  pictures  have  shown  that  counter-rotating 
longitudinal  rolls  are  the  preferred  convective  mode  for 
cold  air  stratocumulus  in  some  regions  including  the 
Yellow  Sea.  The  pictures  provide  evidence  of  air  rising 
along  the  axis  of  each  roll  and  sinking  in  the  clear  area 
between  rolls.  In  most  cases,  the  upwind  edge  of  the  cloud 
field  roughly  reflects  the  shape  of  the  coastline  where  the 
cold  air  originates.  Except  for  upwind  variations,  rolls 
are  often  similar  in  length  and  width. 

When  combined  with  other  data,  satellite  pictures 
offer  new  possibilities  in  the  study  of  cold  air  strato¬ 
cumulus.  For  example,  statistical  studies  can  show  the 
frequency  of  occurrence  with  respect  to  certain  atmospheric 
parameters,  or  probability  studies  can  aid  predictions  of 
stratocumulus  activity.  Holroyd  (1971)  analyzed  the  thres¬ 
hold  of  air-sea  temperature  difference  needed  for  the  onset 
of  cold  air  stratocumulus  over  the  Great  Lakes.  He  found 
that  clouds  form  when  the  850  mb  temperature  is  more  than 
13°C  colder  than  the  lake  surface  temperature. 

F.  STATISTICAL-DYNAMICAL  FORECAST  METHODS 

Objective  forecasts  of  local  weather  elements  can  be 
obtained  empirically  by  applying  statistical  methods  to  the 
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output  of  numerical  prediction  models.  This  approach  infers 
the  future  behavior  of  the  atmosphere  from  the  statistics 
of  past  behavior.  In  practice,  some  meteorological  element, 
e,g.,  cloud  amount,  temperature,  or  precipitation,  is  fore¬ 
cast  from  past  relationships  with  certain  meteorological 
parameters  (Glahn  and  Lowry,  1972) . 

The  great  success  of  numerical  weather  prediction 
during  the  past  two  decades  has  changed  weather  forecasting. 
Yet,  forecasts  based  only  on  numerical  models  have  handled 
the  most  important  elements,  e.g.,  temperature,  precipita¬ 
tion,  visibility,  ceiling,  and  cloud  amount,  with  limited 
success.  In  fact,  most  numerical  models  are  not  even  cap¬ 
able  of  predicting  these  elements  directly.  For  this 
reason,  statistical  methods  have  been  used  to  convert  the 
raw  output  from  numerical  models  into  forecasts  of  certain 
weather  elements. 

There  are  two  methods  of  combining  statistical  methods 
with  numerical  weather  models.  The  first  is  the  perfect 
prognosis  method.  Using  historical  data,  this  method  corre¬ 
lates  some  local  weather  element  with  one  or  more  nearly 
concurrent  atmospheric  parameters.  Equations  derived  from 
these  analyses  are  then  applied  to  the  output  of  numerical 
prognostic  models  to  produce  a  forecast  of  the  desired  wea¬ 
ther  element.  Errors  in  the  numerical  forecast  will  cause 
corresponding  errors  in  the  statistical  forecast.  The 
statistical  forecast  improves  as  the  numerical  forecast 
improves.  One  advantage  of  this  method  is  that  stable  fore- 
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cast  relations  can  be  derived  for  individual  locations  and 
seasons  having  a  long  record  of  data.  A  weakness  is  that 
errors  in  the  numerical  model  are  disregarded. 

The  second  method  is  Model  Output  Statistics  (MOS) . 
Like  the  perfect  prog  method,  it  derives  its  statistical 
relations  on  a  concurrent  basis.  However,  the  developmen¬ 
tal  sample  is  based  on  prognostic  data  produced  by  the 
numerical  model,  rather  than  on  a  long  period  of  observed 
data.  This  approach  therefore  allows  for  inaccuracies  in 
the  numerical  model  based  on  past  performance.  Another 
advantage  is  that  MOS  includes  many  predictors  not  readily 
available  to  the  perfect  prog  method  {Klein,  1974). 

A  variety  of  statistical  techniques  can  be  u  .ed  in 
deriving  the  empirical  forecast  equation.  Panofsky  and 
Brier  (1968)  have  classified  these  methods.  The  residual 
method  used  in  this  research  consists  of  correlating  errors 
of  forecasts  based  on  one  variable  with  another  variable. 
Thus,  the  second  variable  is  used  to  correct  a  forecast 
based  on  the  first.  Additional  variables  can  be  added  so 
that  a  third  variable  is  used  to  correct  a  forecast  based 
on  the  first  two,  etc. 

Most  statistical  forecast  methods  use  fixed-point 
techniques  in  which  predictors  are  chosen  at  the  same  places 
for  every  forecast.  These  points  may  either  be  observing 
stations  or  grid  points  at  which  the  variables  are  known. 

For  some  problems,  however,  trajectory  methods  are  physi¬ 
cally  more  satisfactory.  In  this  method  one  must  first 


determine  the  initial  location  of  the  air  that  will  be  at  the 


terminal  point  at  the  valid  time  of  the  forecast.  The  dif¬ 
ference  between  the  predictand  at  the  beginning  and  at  the 
end  of  the  trajectory  can  be  linked  to  other  variables 
expected  to  modify  the  air.  A  disadvantage  of  this  method 
is  that  the  trajectory  can  seldom  be  determined  without 
error.  However,  fairly  accurate  short-range  trajectories 
can  be  constructed  based  on  continuity  and  persistence  of 
major  flow  features. 

G.  FORECAST  VERIFICATION  METHODS 

Forecast  verification  is  usually  considered  to  mean 
the  process  of  comparing  the  predicted  weather  with  the 
weather  that  actually  occurred  (Panofsky  and  Brier,  1968). 

The  data  obtained  from  such  comparisons  is  then  used  to 
determine  the  so-called  forecast  "skill"  against  some 
standard . 

When  a  new  forecast  technique  or  model  is  proposed, 
questions  naturally  arise  about  its  validity  as  an  opera¬ 
tional  or  theoretical  tool.  One  way  to  objectively  evaluate 
its  performance  is  through  testing  to  determine  its  verifi¬ 
cation  statistics.  Standards  against  which  the  new  method 
are  usually  compared  include  chance,  persistence,  climatology, 
and  already  existing  techniques. 
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CHAPTER  3 


THE  MODEL 


A.  CONCEPTUAL  BASIS 

Mesoscale  cellular  convection  associated  with  cold 
air  outbreaks  is  the  product  of  air-sea  interaction.  This 
phenomenon  occurs  over  the  Yellow  Sea  when  marked  air-sea 
temperature  contrasts,  often  exceeding  10°C  near  the  sur¬ 
face,  create  favorable  conditions  for  Rayleigh  convection. 
Turbulent  fluxes  of  heat  and  water  vapor  then  modify  the 
entire  boundary  layer  and  ultimately  give  rise  to  the 
development  of  cold  air  stratocumulus .  In  most  instances, 
vertical  wind  shear  causes  the  clouds  to  appear  in  longi¬ 
tudinal  rolls. 

The  Rayleigh  criterion  suggests  that  atmospheric 
cellular  convection  may  behave  in  the  same  way  under  certain 
conditions.  From  this  reasoning  comes  the  conclusion  that 
statistical  relationships  should  exist  between  cloud  amount 
and  certain  atmospheric  parameters  for  a  given  area.  These 
relationships  have  prognostic  value  if  the  relevant  atmos¬ 
pheric  variables  can  be  predicted  numerically. 

In  selecting  variables,  one  must  refer  to  the  classi¬ 
cal  theoretical  studies  on  cellular  convection.  Rayleigh 
showed  that  cellular  convection  occurred  when  the  vertical 
density  gradient  in  the  fluid  layer  exceeded  a  critical  value. 
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This  result  can  be  applied  to  the  atmospheric  boundary  layer 
for  buoyancy-driven  cold-air  stratocumulus . 

In  agreement  with  theory,  a  suitable  predictor  would 
be  one  related  to  the  stability  of  the  boundary  layer.  The 
temperature  lapse  rate  is  often  used  in  diagnosing  atmos¬ 
pheric  stability,  but  this  parameter  is  difficult  to  apply 
due  to  the  lack  of  surface  temperature  observations  over 
the  Yellow  Sea.  Instead,  this  study  uses  a  boundary  layer 
stability  parameter,  y,  based  on  the  absolute  value  of  the 
sea  surf ace-to-850  mb  temperature  lapse  rate.  Since  the 
sea  surface  temperature  is  warmer  than  the  surface  air 
temperature  during  cold  air  outbreaks,  this  parameter 
will  be  greater  than  the  absolute  value  of  the  environmental 
temperature  lapse  rate.  Because  the  daily  variation  in  sea 
surface  temperature  is  small,  usually  less  than  0.2°C  per 
day  in  winter  for  the  Yellow  Sea,  y  can  be  determined  with 
relative  ease. 

In  choosing  the  predictand,  one  has  the  option  of  using 
either  a  fixed  point  or  an  area  method  for  determining  cloud 
activity.  The  point  method  involves  a  simple  yes  or  no 
answer  to  the  question  of  whether  or  not  stratocumulus  is 
present  at  that  location.  The  area  method,  which  is  used 
in  this  study,  answers  the  question  of  how  much  stratocumu¬ 
lus  covers  a  defined  area  for  a  given  value  of  y  at  a 
fixed  point. 

The  "test  area"  is  a  3x3  array  of  cells,  each  1° 
latitude  by  1°  longitude,  extending  from  34  to  37°N  and 
from  123  to  126°E  (Figure  6) .  The  fixed  point  used  in  the 
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analysis  and  testing  is  at  36°N,  124°E. 

Theoretical  studies  of  cellular  convection  suggest 
the  likelihood  of  a  strong  correlation  between  cloud  amount, 
N,  and  the  stability  parameter,  y.  However,  one  can  readily 
imagine  conditions  when  large  errors  may  arise.  For  example 
in  cases  of  very  low  initial  humidity  near  the  top  of  the 
boundary  layer,  the  development  of  clouds  would  be  inhibited 
Under  these  circumstances,  clouds  would  develop  slower  and 
would  cover  less  area.  On  the  other  hand,  if  the  initial 
humidity  of  the  continental  air  is  near  saturation  at  the 
top  of  the  boundary  layer,  the  development  of  clouds  would 
be  enhanced.  This  would  lead  to  faster  cloud  development 
and  more  areal  coverage. 

It  is  therefore  necessary  to  have  a  predictor  related 
to  humidity  within  the  upper  part  of  the  boundary  layer  for 
analyzing  errors  from  y.  Since  typical  heights  of  the  cold 
air  stratocumulus  cloud  layer  extend  from  about  3,000  to 
6,000  feet,  the  850  mb  relative  humidity  meets  this  require¬ 
ment.  In  practice,  this  parameter  is  used  in  a  stepwise 
manner  with  the  first  to  provide  a  set  of  empirical  forecast 
equations  for  cloud  amount  within  the  test  area. 

A  reliable  sample  of  850  mb  relative  humidity  data  is 
needed  for  the  analysis  of  residuals  from  y.  Unfortunately, 
the  lack  of  upper  air  data  near  the  test  point  impedes  the 
development  of  a  sample  that  is  concurrent  with  y  and  N. 
Unlike  the  850  mb  temperature,  which  has  a  relatively  smooth 
pattern  and  can  be  determined  by  interpolation  within  an 
accuracy  of  1-2°C,  the  dewpoint  temperature  often  varies 
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greatly  over  short  distances.  Thus,  interpolated  values 
may  lead  to  large  errors  in  analyzing  the  relative  humidity 

Another  approach  is  to  use  model  output  in  develop¬ 
ing  a  sample  of  850  mb  relative  humidity  data.  This  method 
employs  the  Lagrangian  model  to  forecast  relative  humidity 
at  the  test  point.  Since  the  air  is  usually  over  land  12 
hours  before  arriving  at  the  test  point,  the  initial  850  mb 
dewpoint  temperature  and  relative  humidity  can  be  analyzed 
with  considerable  confidence  because  of  the  greater  density 
of  upper  air  observations.  A  disadvantage  of  this  method 
is  that  errors  are  likely  to  occur  in  constructing  the  fore 
cast  trajectory.  An  advantage  is  that  the  relative  humidi¬ 
ties  are  derived  semi-ob jectively  from  model  output.  They 
thereby  include  the  effects  of  those  processes  causing 
changes  in  the  moisture  content  of  boundary  layer.  This 
method  is  similar  to  MOS  (Klein  and  Glahn,  1974) . 

The  use  of  statistical  relationships  in  predicting 
cold  air  stratocumulus  requires  a  means  of  forecasting  the 
stability  parameter  and  the  850  mb  relative  humidity.  The 
method  used  in  this  research  proceeds  as  follows: 

1.  Construct  the  850  mb  trajectory,  assuming 
continuity  of  major  synoptic  features. 

2.  Determine  the  initial  850  mb  and  surface 
temperature  and  the  initial  850  mb  and 
surface  mixing  ratio  in  the  air  column. 

Determine  the  gradient  in  sea  surface 
temperature  and  the  corresponding  gradient 
in  saturation  mixing  ratio  along  the  tra¬ 
jectory. 


3. 
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4.  Use  the  Lagrangian  computer  model  to  simulate 
the  changes  in  y  and  RH. 

5.  Use  the  empirical  equations  to  forecast  cloud 
amount  in  the  test  area. 

Figure  7  is  a  flow  diagram  showing  the  main  steps  of  the 
method . 

The  following  sections  discuss  the  development  of  the 
Lagrangian  model,  beginning  with  a  discussion  of  the  ten¬ 
dency  equations  for  temperature  and  mixing  ratio. 

B.  TENDENCY  EQUATIONS 

If  4>  IS  some  atmospheric  variable  that  is  a  function 
of  horizontal  distance,  height,  and  time,  the  change  in  ^  at 
a  fixed  point  is  given  by  (Holton,  1972) 


3t  dt  ^ 


where  =  the  change  in  at  a  fixed  point 

~  =  the  rate  of  change  of  f  following  the  motion 


-V  •  V  <()  =  the  advection  of 


By  substituting  for  (p ,  the  tendency  equations  can  be  obtained 
for  temperature  and  mixing  ratio  in  an  air  parcel,  defined 
as  a  collection  of  air  molecules  have  a  mass  of  1  kg.  Letting 
T  be  temperature  and  r  be  mixing  ratio,  these  equations  are; 
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Fitruro  7.  Conceptualization  of  the  three  steps  in  the 
proposed  :nothod  for  forecast  in  cold  air 
stratocumulus . 


1 .  Temperature 


By  separating  advection  into  horizontal  and  vertical 
terms  and  co'"ibininq  the  equation  of  state  for  an  ideal  gas 


with  the  first  law  of  thermodynamics,  the  temperature  ten¬ 


dency  equation  can  be  rewritten  as 


ll  =  JL  ^  -  V 

at  Cp  dt  H 
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where 


dt 


the  rate  of  temperature  change  due 
to  diabatic  heating 


the  advection  of  temperature  on  a 
constant  pressure  surface 


w 


the  temperature  change  due  to  vertical 
motion 
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AG 


the  temperature  change  due  to  entrain¬ 
ment  of  air  through  the  inversion 


In  this  equation,  C  is  the  specific  heat  of  dry  air  at 

P 

constant  pressure,  H  is  heat,  is  the  horizontal  wind,  w 
is  the  large  scale  vertical  velocity,  dT/dZ  is  the  dry 
adiabatic  lapse  rate,  AT/^z  is  the  environmental  lapse  rate, 
Wg  is  the  entrainment  rate  of  air  through  the  capping  inver¬ 
sion,  A0  is  the  jump  in  potential  temperature  across  the 
interface  at  the  top  of  the  boundary  layer,  and  Zj^  is  the 
height  of  the  boundary  layer. 

The  diabatic  processes  causing  temperature  changes  in 
the  parcel  are  sensible  heating,  latent  heating,  and  radia¬ 
tive  heating  or  cooling.  The  surface  flux  of  sensible  heat 
is  specified  by  the  bulk  aerodynamic  method  as  (Chou  and 
Atlas,  1982) 
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LdtJ^ 


=  P  C  (T  -  T  )  U  /Z„ 

p  D  S  a  a  B 


where  p  is  the  air  density,  is  the  bulk  transfer  coeffi¬ 
cient,  U  is  the  mean  wind  speed  near  the  surface,  is  the 
sea  surface  temperature,  T  is  the  air  temperature  near  the 

surface.  This  study  follows  Chou  and  Atlas  (1982)  in  usinq 
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for  (after  KonJo,  1975). 


a  value  of  1.5  x  10 

The  latent  heating  in  the  cloud  layer  is 

dr 


utj. 
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where  L  is  the  latent  heat  of  condensation,  is  the  thick- 
ness  of  the  cloud  layer,  and  dr/dt  is  the  rate  of  condensa¬ 
tion  of  water  vapor  into  liquid. 

The  heat  flux  due  to  radiation  is  expressed  as 


where  is  the  net  radiative  flux  of  the  boundary  layer  and 
3  is  the  mechanical  equivalent  of  heat.  is  expressed  over 

an  area  of  variable  sky  conditions  as 


a.F  +  a_F 
lx  2  o 


where  F  and  F  denote  the  net  fluxes  for  the  cloudv  and 
X  o 

clear  areas  respectively,  and  a^  and  a^  are  the  weights 
assigned  to  each  area.  F^  is  broken  into  its  individual 
constituents  to  give 
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where  Fg  =  the  upward  flux  duo  to  longwave  radiation 
from  the  sea  surface 

=  the  downward  flux  due  to  radiation  from  the 
cloud  base 

Fy  =  the  upward  flux  due  to  radiation  from  the 
cloud  top 

F^  =  the  downward  flux  from  the  free  atmosphere 
The  constituents  of  F  are  written  as 


From  the  Stef an-Boltzman  law  for  blackbody  radiation,  each 
flux  is  expressed  as 

4 

F .  =  o  T . 

1  1 

where  is  the  temperature  of  the  i-th  constituent  and  o 
is  the  Stef an-Boltzman  constant. 

The  temperature  change  due  to  diabetic  processes  is 
therefore 


dT 

dt 


[ 


H  +  + 

s  L 


For  simplicity,  the  temperature  advection  is  converted 
to  natural  coordinates  by 

PiT  - 


-V 


H 


V  T  =  -V- 
P  s 


is 


where  >)T/is  is  the  temperature  gradient  along  the  trajectory. 

The  change  in  temperature  associated  with  adiabatic 
v/arming  or  cooling  caused  by  large  scale  vertical  motion  is 


obtained  from 
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In  this  equation  the  amount  of  temperature  change  depends 
upon  the  environmental  lapse  rate  and  the  magnitude  of  w. 
For  example,  if  the  environmental  lapse  rate  is  small  and 
there  is  rising  motion,  then  cooling  will  occur  at  a  con¬ 
stant  pressure  level  such  as  850  mb. 

The  temperature  change  due  to  entrainment  is 


where  w^  is  the  entrainment  rate,  A6  is  the  jump  in  poten¬ 
tial  temperature  across  the  capping  inversion,  and  is 
the  depth  of  the  boundary  layer-  This  equation  is  adopted 
from  Stage  and  Businger  (1981).  If  an  inversion  caps  the 
layer,  A6  is  positive  and  entrainment  causes  warming. 


2.  Mixing  Ratio 

Processes  contributing  to  changes  in  the  mixing  ratio 
of  an  air  parcel  include  surface  evaporation,  condensation, 
and  entrainment.  The  surface  flux  of  water  vapor  is  speci¬ 
fied  by  the  bulk  aerodynamic  method  as 


[4  = 


“  ^  VS 


where  r^  is  the  saturation  mixing  ratio  corresponding  to  the 
sea  surface  temperature  and  r^  is  the  mixing  ratio  of  air  at 
the  surface.  At  the  cloud  condensation  level  (CCL) ,  some  of 
the  water  vapor  is  changing  phase  to  the  liquid  state.  This 
process  decreases  the  mixing  ratio  of  the  air  parcel.  If  the 
rate  of  water  vapor  condensation  is  iSr/(St  then  the  change  in 
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mixing  ratio  of  the  parcel  is  given  by 


The  stable  layer  above  the  boundary  layer  has  a  much 
smaller  mixing  ratio  than  the  cloud  layer.  Thus,  entrain¬ 
ment  of  air  through  the  interface  causes  a  decrease  in 
mixing  ratio  within  the  boundary  layer.  This  change  in  r  for 
a  parcel  at  a  fixed  pressure  level  is 


where  is  the  "jump"  in  r  across  the  interface. 

C,  LAGRANGIAN  FORECAST  MODEL 

1 .  Purpose 

The  Lagrangian  forecast  model  simulates  changes  in 
the  temperature  and  mixing  ratio  at  the  surface  and  at  the 
top  of  the  boundary  layer  along  a  trajectory  describing 
the  mean  flow  of  the  layer.  The  final  values  are  used  in 
computing  y  and  RH  for  the  empirical  forecast  equations. 

2 .  Assumptions  and  Approximations 

For  most  processes,  available  data  are  combined  with 
theory  and/or  the  results  of  other  studies  to  make  simplify¬ 
ing  assumptions  and  approximations.  The  sensitivity  of  the 
numerical  results  to  approximations  regarding  cloud  layer 
thickness,  boundary  layer  growth,  entrainment  rate,  solar 
heating,  radiative  cooling,  and  vertical  velocity  are  given 
in  Appendix  F.  The  following  is  a  list  of  assumptions  and 
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approximations.  For  clarity,  each  is  stated  concisely  and, 
if  necessary,  is  followed  by  a  justification  or  explanation. 

1.  The  boundary  layer  is  well  mixed  and  has  a 
characteristic  structure  including: 

a.  A  layer  of  absolute  instability  from 
the  surface  to  10  m, 

b.  A  dry  adiabatic  lapse  rate  from  10  m 
to  the  CCL. 

c.  A  moist  adiabatic  lapse  rate  through  the 
cloud  layer. 

d.  An  inversion  capping  the  boundary  layer. 

These  follow  from  Burke  (1945) ,  Haltiner  and  Martin 

(1957) ,  and  Figure  5  in  Chapter  2. 

2.  Clouds  form  when  the  relative  humidity  at 
the  top  of  the  boundary  layer  is  greater  than 
or  equal  to  80%. 

This  value  is  the  one  that  is  typically  used  in  fore¬ 
cast  centers. 

3.  The  cloud  layer  thickness  is  approximated  from 
the  850  mb  relative  humidity  as: 

a.  300  m  if  80%  -  RH  y  85% 

b.  600  m  if  85%  '  RH  y  90% 

c.  900m  if  RH''90% 

d.  If  RH  y  100%  the  cloud  layer  thickness 
increases  at  the  same  rate  as  that  of 
the  height  of  the  boundary  layer. 

These  estimates  are  derived  from  a  Skew  T,  loo  p 
diagram  and  upper  air  soundinus.  The  upper  and  lower  limits 
are  subjectively  based  on  observations  of  cold  air  strato- 
cumulus  along  the  west  coast  of  Korea.  The  ranee  ot  relative 
humidity  assigned  to  each  thickness  was  determined  ; rom  the 
thermodynamic  diagram.  In  the  model,  the  upper  liiiiit  is 


exceeded  only  by  a  precipitating  cloud  layer.  Observations 
show  that  the  actual  thickness  may  vary  by  several  hundred 
meters  in  some  cases.  However,  the  sensitivity  of  the 
numerical  results  to  these  variations  is  small  (Appendix  F) . 

4.  The  growth  of  the  boundary  layer  is  estimated 
from  Y  as: 


a. 

5  m/hr  if 

8°C/km  <  y  < 

9°C/km 

b. 

7,5  m/hr  if 

9°C/km  <  Y  1 

10°C/km 

c. 

10  m/hr  if 

Y  >  10°C/km 

These  rates  are  obtained  from  upper  air  soundings. 

It  is  assumed  that  the  growth  rate  will  be  related 
to  the  boundary  layer  stability  parameter.  Soundings  fron; 
Osan  AB  and  Kagoshima  are  used  in  analyzing  the  slope  of 
the  boundary  layer  inversion.  This  slope  is  divided  by 
the  850  mb  wind  speed  to  determine  the  rate  of  growth  of 
the  boundary  layer.  Growth  rates  are  stratified  according 
to  Y.  Although  actual  growth  rates  may  be  as  large  as 
50  m/hr,  the  sensitivity  of  the  numerical  results  to  a  rate 
of  this  magnitude  is  small  (Appendix  F) . 

5-  The  initial  height  of  the  boundary  layer  is  the 
850  mb  height. 

This  estimate  is  based  on  upper  air  soundings  from 
Osan  AB  and  Kwangju  showing  the  top  of  the  boundary  layer  to 
typically  be  near  the  850  mb  level  during  cold  air  out¬ 
breaks.  The  data  indicate  departures  of  up  to  400  in  in  some 
cases  although  a  more  common  value  is  200  meters  or  less. 

6.  Precipitation  occurs  if  the  850  mb  relative 
humidity  exceeds  100°. 


7.  Latent  heating  from  condensation  in  the 
cloud  layer  is  mixed  throughout  the  boundary 
layer . 

8.  The  absorption  of  solar  radiation  produces 
heating  of'0.3°C  per  day  and  is  the  same  for 
both  cloudy  and  clear  skies. 

Some  models  neglect  the  effects  of  solar  radiation 
(e.g.,  Stage  and  Businger,  1981).  Although  the  effects  are 
small  compared  to  other  energy  1  ansfer  processes,  warming 
of  0.3  to  0.6°C  can  occur  (Charney,  1945).  The  lower  value 
is  used  in  this  model  due  to  the  time  of  year.  Sensitivity 
testing  of  higher  values  shows  the  effect  on  the  numerical 
results  to  be  small  (Appendix  F) . 

9.  Radiative  cooling  of  the  boundary  layer  under 
clear  sky  conditions  is  1.0°C  per  day. 

Charney  (1945)  indicated  that  cooling  of  1  to  3°C 
per  day  will  occur  in  the  free  atmosphere  due  to  longwave 
radiational  cooling.  The  highest  values  occur  in  the  tropics 
and  the  lowest  in  the  polar  regions.  The  lower  value  is 
used  in  this  model  due  to  the  location  and  time  of  year. 
Sensitivity  testing  of  higher  values  shows  the  effect  on  the 
numerical  results  to  be  small  (Appendix  F) , 

10.  Radiative  cooling  of  the  cloud  layer  occurs 
entirely  within  the  boundary  layer. 

11.  The  radiative  temperature  of  the  top  of  the 
cloud  layer  is  the  850  mb  temperature.  The 
radiative  temperature  of  the  cloud  base  is 
determined  by  assuming  a  moist  adiabatic 
lapse  rate  through  the  cloud  layer. 

12.  The  net  radiative  cooling  of  the  boundary  layer 
is  a  weighted  average  of  the  cloudy  and  cloud- 
free  areas.  For  cold  air  stratocumulus  those 
weights  are  assumed  to  be  0.8  for  the  cloudy 
area  and  0.2  for  the  clear  area. 
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These  values  are  determined  from  analysis  of  satellite 
pictures  (Figure  3) .  The  imagery  often  shows  that  the 
stratocumulus  cloud  field  has  alternating  cloudy  and  clear 
areas  due  to  its  banded  structure.  It  is  subjectively 
estimated  that  in  most  cases  the  clouds  occupy  80%  of  the 
total  area. 

13.  The  jump  in  potential  temperature  across  the 
interface  at  the  inversion  is  1°C. 

This  value  is  derived  from  upper  air  soundings. 

14.  The  jump  in  mixing  ratio  across  the  interface 
at  the  inversion  is  initially  0.25  g/kg. 

This  value  is  derived  from  upper  air  soundings. 

15.  The  850  mb  height  of  the  air  column  is  constant. 

16.  The  entrainment  rate  is  approximated  from  y 

and  RH  as  shown  in  Figures  8  and  9.  The  maximum 
entrainment  condition  applies  if  clouds  are 
present  while  the  minimum  condition  applies 
under  clear  skies. 

These  rates  are  comparable  to  those  of  Deardorf 
(1976).  It  is  assumed  that  the  energy  available  for  entrain¬ 
ment  will  increase  with  y.  Thus,  the  entrainment  rate  is 
scaled  according  to  y  and  increases  as  the  boundary  layer 
becomes  more  unstable.  The  850  mb  relative  humidity  is  highly 
sensitive  to  entrainment  rate  (Appendix  F) .  However,  it  is 
important  to  note  that  the  values  used  in  the  model  give 
point  cloud  forecasts  that  agree  well  with  the  satellite  cloud 
imagery.  Entrainment  will  be  discussed  in  more  detail  later 
in  this  section. 

17.  The  vertical  velocity  is  estimated  from  m.ip 
typing  (Appendix  A) . 
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The  850  rob  temperature  is  highly  sensitive  to 
vertical  velocity  (Appendix  F) . 

3.  Entrainment 

Entrainment  is  driven  by  turbulence  kinetic  energy 
(TKE)  produced  by  buoyancy  fluxes  in  the  mixed  layer  as  it 
warms  over  water  (Stage  and  Businger,  1981) .  Deardorff 
(1976)  lists  surface  heat  fluxes,  cloud  top  radiative  cool¬ 
ing,  solar  heating,  changes  in  cloud  thickness,  and  strength 
of  the  inversion  as  important  factors  in  determining  TKE 
and  the  rate  of  entrainment.  Increasing  buoyancy  implies 
increasing  instability  and  a  decreasing  lapse  rate  in  the 
mixed  layer.  Thus,  one  concludes  that  the  entrainment  rate 
will  be  related  to  y. 

Deardorff  (1976)  gives  examples  of  the  maximum  and 
minimum  entrainment  rates  associated  with  certain  surface 
heat  fluxes.  He  uses  a  maximum  entrainment  rate  for  cloudy 
conditions  and  a  minimum  rate  for  clear  skies.  Following 
the  results  of  Deardorff,  this  model  roughly  approximates 
the  entrainment  rate  from  y  as: 

1.  Weak  entrainment  if  i  is  greater  than  -9°C/km. 

2.  Moderate  entrainment  if  ,  is  less  than  or  equal 
to  -9'’C/km  and  greater  than  or  equal  to  ll”C/km. 

3.  Strong  entrainment  if  is  less  than  -ll°C/km. 

The  above  ranges  are  based  on  analysis  of  satellite  i.iata  lor 
the  Yellow  Sea  during  the  winter  of  1981-1982.  Cases  were 
subjectively  grouped  according  to  lapse  rate  and  cloud  field 
size  as  seen  on  the  satellite  pictures.  Table  1  shows  the 
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maximum  and  minimum  rates  assigned  to  each  category  of 
entrainment.  These  magnitudes  are  comparable  to  Deardorff s 
(1975)  . 


Table  1 

Method  of  Approximating  Entrainment  Rate 


Degree 

Y 

°C/km 

Minimum 

cm/s 

Maximum 
cm/  s 

Weak 

-9 

0.2 

0.8 

Moderate 

-9  to  -11 

1.0 

2.0 

Strong 

-11 

2.0 

4.0 

Large-Scale  Vertical 

Motion 

Large-scale  vertical  motion  associated  with  synoptic 
scale  weather  systems  may  sometimes  cause  adiabatic  cooling 
or  warming  in  air  parcels  and  changes  in  temperature  on  a 
constant  pressure  surface.  Using  the  relationship 


and  assuming  an  environmental  lapse  rate  of  -6°C/km  and  a 
vertical  velocity  of  1.0  cm/s  shows  that  hourly  cooling  of 
about  0.14'’C  is  possible  at  a  constant  pressure  level. 
These  conditions  are  typical  for  middle  latitude  cyclones 
of  moderate  intensity.  The  temperature  change  associated 
with  subsidence  in  anticyclones  is  much  smaller.  Taking  a 
typical  anticyclone  value  of  0.3  cm/s  for  vertical  motion 
and  a  lapse  rate  of  -O^C/km  shows  hourly  warming  of  just 
0.03°C  at  a  constant  pressure  level. 


I 

i 
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Map  typing  is  used  in  this  research  for  estimating 
the  vertical  velocity.  This  method  assumes  that  the  atmos¬ 
phere  will  have  similar  vertical  velocities  in  systems 
showing  similar  characteristics-  The  map  types  are  taken 
from  case  studies  of  systems  affecting  the  Yellow  Sea 
region  during  the  winter  of  1981-1982.  The  adiabatic  method 
is  used  to  diagnose  the  magnitude  of  the  vertical  motion. 
These  maps  are  shown  in  Appendix  A. 


5 .  Numerical  Methods 

The  first  order  differential  equation 

11=  f{^,t) 

can  be  solved  by  finite  difference  methods.  The  simplest 
of  these  is  a  first-order  Runge-Kutta  technique,  also 
known  as  the  Euler  method,  giving  the  solution  as 

=  .-i  +  .it 

where  =  f((i^,t^).  Although  truncation  errors  may  cause 
this  method  to  be  unstable  in  some  physical  applications, 
it  is  found  to  be  acceptable  in  this  model  for  forecasting 
temperatures  and  relative  humidities.  Tt  also  has  the 
advantage  of  being  a  one-step  method;  i.e.,  to  find 
it  only  needs  the  information  from  the  preceding  point 
'{)^,t^.  An  in-depth  description  of  the  Euler  method  may  be 
found  in  McCracken  and  Dorn  (1964)  or  in  Peckham  (1971). 

The  tendency  equations  for  the  850  mb  temperature 


and  mixing  ratio  are  integrated  over  1-hour  time  increments. 
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During  this  process,  the  model  is  simulating  the  changes  in 
these  variables  as  the  air  column  proceeds  from  point  to 
point  along  its  trajectory.  The  equation  for  the  tempera¬ 
ture  change  at  850  mb  is 


dt 


=  f(T,t) 


and  the  Euler  method  solution 


T.  =  T.  +  Tt  At 
1+1  1  1 

where  is  the  hourly  change  in  T  caused  by  sensible  heat¬ 
ing,  latent  heating,  radiative  exchanges,  vertical  motion, 
and  entrainment. 

The  equation  for  the  850  mb  mxing  ratio  is 


dr 

dt 


f (r ,t) 


and  the  solution  is 


^i+1 


r^  +  r^  At 


where  r^  is  the  hourly  change  in  r  caused  by  surface 
evaporation,  condensation  in  forming  clouds,  and  entrain¬ 
ment. 

The  finite  difference  equation  for  the  change  in 
temperature  due  to  sensible  heating  is 


[II 


•Js 


.St  =  ^ 


—  AT  A  . 

(T  U  s)  -  (T  +  -- 

An 


At 


where  AT^/An  is  the  sea  surface  temperature  gradient.  The 
equation  for  the  change  in  mixing  ratio  due  to  surface 
evaporation  is 
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[ffl  it  =  <^0  ' 

[("r,  *  0  *"3)  -  (r  + 

1 

'-''Uq  Zg 

L  ®  An  J 

where  Ar^/An  is  the  mixing  ratio  gradient  corresponding  to 
the  sea  surface  temperature  gradient. 

At  each  time  step  the  saturation  mixing  ratio  for  850 
mb  is  calculated  by 


q 


s 


0.622  eg 

p-e 

s 


where  p  equals  850  mb  and  e^  is  the  saturation  vapor  pressure 
obtained  from 

eg  =  6.11  (  273.15  “  T+273. 15)J 

with  being  the  gas  constant  for  moist  air.  The  850  mb 
relative  humidity  is  then  given  by 


RH  =  |-  X  100 


D.  STATISTICAL-DYNAMICAL  FORECAST  MODEL 

1.  Purpose 

The  statistical-dynamical  model,  comprised  of  the 
Lagrangian  model  and  the  statistical  relationshios  usina 
Y  and  RH.  forecasts  N  for  the  defined  test  area.  The  fore¬ 
cast  is  made  in  two  steos.  First,  the  cloud  amount  is  fore¬ 
cast  from  y.  This  forecast  is  then  corrected  based  on  RH. 

2 .  Assumptions 

The  following  assumptions  are  made  in  the  statistical 

mode 1 : 


J 
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1.  If  N  forecast  from  y  is  greater  than  9,  then 
the  forecast  is  9.  If  the  forecast  N  based 
on  Y  is  less  than  0  then  the  forecast  is  0. 

2.  If  the  final  N  forecast  after  applying  the 
correction  is  greater  than  9,  then  the  fore¬ 
cast  is  9.  If  the  final  N  is  less  than  0  then 
the  forecast  is  0. 


! 


3.  Empirical  Equations 

The  empirical  forecast  equations  each  require  only 

one  predictor.  The  equation  for  N  from  y  has  the  form 

M  =  V  -  b  (y  -  N) 
b 

where  N  =  cloud  amount 

Y  =  boundary  layer  stability  parameter 

Y  =  mean  boundary  layer  stability  parameter 
N  =  mean  cloud  amount 

b  =  slope  of  the  line  of  regression 

The  equation  for  the  error  in  cloud  amount,  AN,  from 

RH  is 

RH  -  b  (M  -  AN) 
b 

where  AN  =  the  error  in  N 

RH  =  850  mb  relative  humidity 
RH  =  mean  850  mb  relative  humidity 
AN  =  mean  error  in  N 
b  =  slope  of  line  of  regression 
The  final  forecast  equation  for  N  is 

N  =  N^  +  AN^ 


CHAPTER  4 


DATA  AND  ANALYSIS 

A.  DESCRIPTION  OF  TEST  AREA 

The  Yellow  Sea  is  an  excellent  location  for  a 
statistical  analysis  of  mesoscale  cellular  convection. 

During  the  period  dominated  by  the  northwest  winter  monsoon 
there  are  frequent  outbreaks  of  cP  air,  accompanied  by 
cold-air  stratocumulus .  Analysis  of  the  atmospheric  condi¬ 
tions  is  aided  by  a  dense  network  of  surface  synoptic  and 
upper  air  observing  stations  (Figure  10).  Furthermore,  the 
daily  change  in  sea  surface  temperature  is  small,  most 
likely  a  consequence  of  the  relatively  weak  currents  in  the 
Yellow  Sea, 

Geographically,  the  Yellow  Sea  is  a  large  shallow 

inlet  of  the  Pacific  Ocean.  Bordering  Korea  on  the  east, 

China  on  the  north  and  west,  and  merging  with  the  East  China 

Sea  in  the  south,  it  has  a  surface  area  of  about  100,000 
2 

km  and  a  maximum  depth  of  about  75  meters.  A  more  detailed 
description  of  the  region  is  found  in  the  U.S.  Navy  TR  77-03 
(1977) . 

Appendix  A  represents  the  climatology  of  the  monthly 
mean  sea  surface  temperatures  of  the  Yellow  Sea  for  Septem¬ 
ber  through  March  (U.S.  Navy,  1977;  U.S.  Air  Force).  Sur¬ 
face  currents  change  from  southerly  to  northerly  during  the 
winter  monsoon.  Enhanced  infrared  satellite  imagery  from  the 
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Figure  10.  Netv/ork  of  upper  air  observing  stations 

surrounding  the  Yellow  Sea  (stations  denoted 
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winter  of  1981-1982  shows  a  sea  surface  temperature  gradient 
closely  resembling  that  of  climatology  in  both  pattern  and 
magnitude.  Ship  reports  are  used  as  an  additional  check  on 
the  variation  of  sea  surface  temperatures  from  climatology. 
The  temperatures  are  found  to  be  as  much  as  4°C  warmer  than 
climatology  for  the  East  China  Sea  and  in  the  extreme 
southern  edge  of  the  Yellow  Sea.  However,  the  temperatures 
inside  the  study  area  are  within  1°C  of  the  climatological 
value  in  5  of  the  6  reports  available.  It  is,  therefore, 
assumed  that  sea  surface  temperature  climatology  is  satis¬ 
factory  for  this  study. 

Figure  6  depicts  the  gridded  area  used  for  statisti¬ 
cal  analysis  and  model  testing.  Comprised  of  a  3x3  array 
of  9  grid  cells,  each  measuring  1°  latitude  by  1°  longitude, 
the  area  extends  from  34  to  37°N  and  from  124  to  127°E.  A 
fixed  point  at  36°N,  125°E  is  chosen  for  evaluation  of  N, 

Y,  and  RH.  A  larger  test  area  is  not  considered  because 
time  and  space  variations  caused  by  the  larger  atmospheric 
flow  will  adversely  affect  the  empirical  forecast  relation¬ 
ships  . 

B.  ANALYSIS  OF  SATELLITE  DATA 

This  research  uses  satellite  imagery  from  the  Defense 
Meteorological  Satellite  Program  (DMSP)  site  at  Osan  AB, 
Korea.  It  consists  entirely  of  direct  readout  imagery  from 
NOAA-6  and  NOAA-7,  both  polar  orbiting,  sun-synchronous 
satellites.  NOAA-6  imagery  approximately  coincides  with 
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OOOOZ  and  1200Z  compared  to  0600Z  and  1800Z  for  NOAA-7. 

Both  visual  and  infrared  (IR)  data  are  used  in  the 
analysis.  Cold  air  stratocumulus  shows  little  difference 
in  total  cloud  area  on  the  IR  compared  to  the  visual  imagery, 
despite  being  a  low  cloud  type-  On  the  IR  pictures,  these 
clouds  appear  in  a  light  gray  shade  because  of  the  large 
contrast  in  temperature  between  the  cold  cloud  tops  and 
the  warm  sea  surface.  Often  this  temperature  difference 
exceeds  20°C-  Figures  11-12  provide  a  comparison  of  cold- 
air  stratocumulus  in  the  visual  and  IR  modes. 

The  nominal  resolution  of  the  visual  and  IR  sensors 
on  NOAA-6  and  NOAA-7  is  about  0.5  nautical  mile  at  subpoint. 
However,  the  actual  resolution  on  the  direct  readout  imagery 
is  a  function  of : 

1.  Sensor  lens  and/or  mirror  aberrations. 

2.  Detector  characteristics. 

3.  Frequency  response  of  the  sensor  electronics. 

4.  Smear  due  to  image  motion. 

5.  Tape  recorder  characteristics  (if  not  direct 
readout) . 

6.  Communications. 

7.  Ground  station  characteristics  and  maintenance. 

8-  Altitude  of  satellite- 

9.  Relative  contrast  between  object  and  the 
background . 


10.  Alignment  of  the  object  to  the  scan  line. 
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All  direct  readout  data  are  rectified  by  the  Data  Display 
Segment  System,  but  the  rectification  process  does  not 
improve  spatial  resolution  (U-S.  Air  Force,  1974). 

A  gridded  acetate  overlay  is  used  in  analyzing  cloud 
amount  from  the  satellite  imagery.  On  each  picture,  the 
number  of  grid  cells  containing  part  of  a  stratocumulus  cloud 
field  is  counted  manually.  Spacing  between  individual  cloud 
lines  or  cloud  elements,  in  addition  to  any  part  of  the 
cloud  field  falling  outside  the  gridded  array,  is  disregarded. 
Cloud  amounts  are  determined  to  the  nearest  half-square,  i.e. 
a  half-square  counts  as  0.5. 

C.  ANALYSIS  OF  SURFACE  AND  UPPER  AIR  DATA 

The  surface  and  upper  air  data  used  in  the  statistical 
analysis  come  exclusively  from  the  Daily  Weather  Maps  and 
Synoptic  Data  Tabulations  published  monthly  by  the  Japan 
Meteorological  Agency  (1981,  1982).  From  these  analyses, 
the  850  mb  temperature  and  height  are  determined  for  the 
test  point  and  are  used  along  with  the  sea  surface  tempera¬ 
ture  from  the  climatological  maps  in  computing  y  from 


where  Tq  is  the  850  mb  temperature,  T  is  the  sea  surface 
temperature,  and  Zg  is  the  850  mb  height. 

The  Lagrangian  model  computes  RH  for  analysis  of  the 
residuals  from  y.  Initial  conditions  for  the  model  are 
taken  from  the  surface  and  850  mb  charts.  The  procedure 
includes  9  steps: 
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1.  Analyze  the  850  mb  heights,  temperature,  and 
dewpoint  depression. 

2.  Determine  the  850  mb  geostrophic  wind  speed 
and  direction  upstream  from  the  test  point. 

3.  Construct  the  forecast  trajectory  of  the  850 
mb  air  parcel  arriving  at  the  terminal  point 
12  hours  later. 

4.  Plot  and  analyze  the  surface  temperatures  and 
dewpoint  temperatures  near  the  initial  point 
of  the  trajectory.  Determine  the  initial  sur¬ 
face  temperature  and  mixing  ratio  of  the  column. 

5.  Determine  the  sea  surface  temperature  gradient 
along  the  trajectory. 

6.  Determine  the  mixing  ratio  gradient  correspond- 
to  the  sea  surface  temperature  gradient  along 
the  trajectory. 

7.  Determine  the  time  in  hours  that  the  air  column 
will  be  over  water. 

8.  Determine  the  initial  850  mb  temperature  and 
mixing  ratio  of  the  column. 

9.  Enter  all  input  parameters  and  run  the  numerical 
mode 1 . 

This  method  assumes  that  the  initial  column  of  air  from  the 
surface  to  the  top  of  the  boundary  layer  moves  as  one  unit 
and  that  the  speed  and  direction  of  the  unit  are  approximately 
that  of  the  850  mb  geostrophic  wind.  Furthermore,  it  is 
assumed  that  this  same  wind  speed  is  satisfactory  for  the 
bulk  equations  used  in  computing  surface  fluxes. 

Figure  13  shows  an  idealized  sounding  of  the  tempera¬ 
ture  and  dewpoint  temperature  in  the  marine  boundary  layer 
before  and  after  air-sea  interaction.  This  figure  is  based 
on  Burke  (1945).  Haltiner  and  Martin  (1957),  and  on  obser¬ 
vations  from  upper  air  soundings  from  Korea  and  Japan.  The 
sounding  represented  by  the  dashed  lines  gives  the  initial 
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TEMPERATURE  IN  C 

figure  13.  Representation  of  idealized  soundings  showing  the  structure  of 
the  atnospheric  boundary  layer  before  and  after  the  modifi¬ 
cation  of  continental  })olar  air  to  maritime  polar  air. 


sounding  over  land  while  the  sounding  represented  by  solid 
lines  is  that  following  modification  by  air-sea  interac¬ 
tion.  Many  of  the  soundings  shown  in  Appendix  D  are 
similar  to  the  idealized  sounding  following  modification 
over  water. 

D.  STATISTICAL  ANALYSIS 

1.  Purpose 

Satellite  pictures  provide  considerable  information 
on  the  extent  of  cold-air  stratocumulus .  This  study  seeks 
to  relate  significant  properties  of  the  boundary  layer 
environment  to  the  cloud  amount  observed  on  satellite 
imagery  of  the  gridded  test  area.  The  objective  is  the 
development  of  statistical  forecast  equations  for  N. 

This  section  also  presents  probabilities  of  clouds 
covering  the  entire  test  area,  the  probabilities  of  the 
error  from  y  being  positive  or  negative,  frequency  distri¬ 
butions  of  cloud  amount  and  histograms  for  each  cloud  out¬ 
break  period  for  the  winter  of  1981-1982. 

2 .  Linear  Regression  Analysis 

Ideally,  physical  reasoning  contributes  to  the  selec¬ 
tion  of  variables  for  linear  regression  analysis.  Since 
buoyancy-driven  Rayleigh  convection  is  the  physical  process 
associated  with  cold-air  stratocumulus,  reasoning  suggests 
that  cloud  activity  will  be  related  to  parameters  that 
describe  atmospheric  stability.  Hence,  the  use  of  'i  as  an 
independent  variable  is  supported  by  the  theory  of  Rayleigh 
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convection . 

Linear  regression  analysis  is  used  in  determining 
the  relationship  between  N  and  y.  The  analysis  is  confined 
to  days  when  N  is  greater  than  0  but  less  than  9.  This 
restriction  reduces  the  sample  to  93  cases  with  N  ranging 
from  0.5  to  8.5.  Data  for  the  entire  period  are  repre¬ 
sented  in  Appendix  C  where  is  the  cloud  amount  from  the 
regression  equation  for  y  and  aN  is  the  error,  N^-N,  The 
cases  used  in  the  regression  analysis  are  denoted  by  an 
asterisk  (*) . 

Figure  14  shows  the  scatter  diagram  of  N  and  y- 
Also  given  are  the  line  of  regression,  fitted  by  least 
squares,  and  the  lines  of  scatter.  There  is  a  positive 
correlation  between  N  and  y  as  required  by  the  Rayleigh 
criterion.  The  equation  for  the  line  of  regression  is 

N  =  2.158Y  -  17.067 

A  correlation  coefficient,  0.65  suggests  a  strong 

relationship  between  N  and  y.  The  significance  of  this 

correlation  coefficient  is  tested  by  comparing  its  absolute 

value  to  the  absolute  value  of  2.6  a  .  o  is  the  standard 

r  r 

deviation  of  the  correlation  coefficients  of  all  possible 
samples  containing  n  pairs  of  observations  and  is  computed 
from  the  formula 

f  "I  ^  0 . 5 

Oj.  =  (n  -  2) 

Since  r  is  much  greater  than  the  absolute  value  of  o 
Y  •  N  r 

(0.1048)  the  probability  of  this  coefficient  originating 
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from  uncorrelated  populations  is  less  than  1%  (Panofsky  and 
Brier ,  1968) . 


The  scatter  of  N  is  computed  from  the  formula 
(Panofsky  and  Brier,  1968) 


.  2  2  0.5 

-  N-y  S  ^ 


where  S.,  is  the  standard  deviation  of  N,  is  the  slope 

N  N  •  Y 

of  the  line  of  regression,  and  is  the  standard  deviation 
of  Y-  About  68%  of  the  observations  of  N  fall  within  the 
lines  of  scatter  in  Figure  14. 

Despite  the  strong  correlation  between  N  and  y, 
accounts  for  just  42.3%  of  the  variance.  Figure  15  gives 
the  frequency  distribution  of  the  errors  from  r  for  a  class 
interval  of  N=2.  Most  of  the  errors  fall  within  a  range  of 
N  =  +  3.  From  physical  reasoning  one  would  expect  the  out¬ 
lying  errors  to  be  related  to  humidity  near  the  level  of 
cloud  development.  For  the  37  cases  showing  the  largest 
error,  model  output  for  the  850  mb  relative  humidity  (RH) 
is  used  in  analyzing  the  residuals.  It  is  found  that  the 
regression  equation  for  y  over-predicts  N  for  cases  having 
low  RH  and  under-predicts  N  for  cases  having  high  RH.  Table 
2  lists  the  model  output  data  for  the  analysis  of  the 
residuals . 

The  error,  AN,  obtained  from  the  equation  for  y  and 
from  N  observed  on  the  satellite  pictures,  is  analyzed  by 
linear  regression  to  determine  the  influence  of  RH  on  the 
cloud  field.  Figure  16  is  a  scatter  diagram  of  AN  and  RH. 


65 


Table  2  (cont.) 


Y 

N 

m 

N 

o 

AN 

RH 

10.7 

5.0 

5.0 

0.0 

71.5 

10.6 

4.8 

8.0 

-3.2 

73.1 

9.0 

1.5 

3.0 

-1.5 

75.5 

12.5 

8.7 

5.0 

3.7 

76.8 

10.8 

5.2 

3.5 

1.7 

63.6 

9.6 

2.7 

8.0 

-5.3 

90.2 

urc;  16.  Scatter  diafiram  and  linear  rof'rossior.  analysis  of  cloud  amount 
residuals  (Ali)  and  model  output,  850  mb  relative  humidity. 
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Also  given  are  the  line  of  regression,  fitted  by  least 
squares,  and  the  lines  of  scatter.  This  figure  shows  the 
expected  negative  correlation  between  AN  and  RH.  The  equa¬ 
tion  for  the  line  of  regression  is 

AN  =  -0. 317  RH  +  24.856 

A  correlation  coefficient,  r.^,  of  -0.68  indicates  a 

AN*RH 

strong  relationship  between  AN  and  RH.  The  probability  of 

this  coefficient  originating  from  uncorrelated  populations 

is  less  than  1%  since  the  absolute  value  of  r..,  is  much 

AN'RH 

greater  than  the  absolute  value  of  2.6  where 

0  =  0.1690 

r 

The  scatter  of  An  about  the  line  of  regression  is  2.36.  The 
relationship  between  AN  and  RH  accounts  for  46.2%  of  the 
variance  in  AN. 

The  results  of  the  regression  analysis  appear  to  be 
consistent  with  the  classical  theory  of  Rayleigh  convection 
in  the  atmospheric  boundary  layer.  Together,  the  two  regres¬ 
sion  relationships  provide  a  plausible  description  of  the 
observed  cloud  behavior.  The  equation  for  y  shows  that  clouds 
begin  to  develop  if  y  =  7.9°C/km  and  that  N  increases  as  , 
decreases.  The  relationship  for  RH  shows  that  cloud  develop¬ 
ment  is  enhanced  if  RH  is  greater  than  78.4%.  This  value 
is  close  to  the  widely  used  value  of  80%  for  cloud  formation. 

3 .  Probability  Analyses 


Cumulative  frequency  distributions  of  N  are  shown  in 
Figures  17-18.  The  first  figure,  usincj  a  class  interval  of 
N=l,  reflects  the  low  kurtosis  often  typical  of  cloud  fro- 
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Fiffuro  17.  Cumulative  frequency  distribution 
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quency  distributions  (Panofsky  and  Brier,  1968).  Thus, 
either  none  or  all  of  the  area  is  more  likely  to  be  cloud 
covered  than  for  any  of  the  intermediate  intervals  to  occur 
alone.  However,  it  also  shows  that  some  cloudiness  is  much 
more  probable  than  no  cloudiness.  If  the  intermediate 
intervals  are  combined  to  form  just  two  classes  between  0 
and  9,  the  low  kurtosis  is  no  longer  evident,  as  shown  in 
Figure  18. 

Figure  19  gives  the  frequency  distribution  of  y  at 
OOOOZ  and  1200Z  on  days  when  the  test  area  was  not  obscured 
by  middle  or  high  clouds.  It  is  evident  from  this  distri¬ 
bution  and  from  the  regression  equation  for  y  that  the 
atmospheric  environment  favors  stratocumulus  on  most  days. 

Table  3  and  Figure  20  present  the  distribution  of 
Y  when  N=9.  The  bimodality  may  suggest  two  preferred  atmos¬ 
pheric  modes  during  cold  air  outbreaks.  The  ogive  in 
Figure  21  gives  a  median  value  of  14.0°C/km  for  y  in  cases 
where  N=9.  The  cumulative  probabilities  of  N=9  for  a 
certain  y  are  given  in  Table  4  while  Figure  22  shows  the 
corresponding  cumulative  probability  histogram. 

Given  the  occurrence  of  N=9,  one  might  wonder  about 
the  probability  of  N=9  at  the  end  of  the  next  12  or  24 
hours.  Table  5a  shows  the  frequency  distribution  of  N=9 
at  12  and  24  hours  following  one  occurrence  of  N=9.  The 
probability  of  N=9  at  the  end  of  12  hours  is  77.8%  and  at 
the  end  of  24  hours  is  72.7%.  Also  of  interest  is  the 
probability  of  N=9  at  the  end  of  the  next  12  and  24  liours 
if  N  has  been  9  for  12  hours  (Table  5.b)  and  for  24  hours 
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Table  3.  Cumulative  frequency  distribution  of  N=9. 


Y  (°C/km) 

f 

%  of  Total 

CF 

CF% 

<  8.9 

0 

0.0 

0 

0.0 

9. 0-9. 9 

2 

5.6 

2 

5.6 

10.0-10.9 

3 

8.3 

5 

13.9 

11.0-11.9 

2 

5.6 

7 

19.5 

12.0-12.9 

8 

22.0 

15 

41.7 

13.0-13.9 

3 

8.3 

18 

50.0 

14.0-14.9 

4 

11.1 

22 

61.1 

15.0-15.9 

4 

11.1 

26 

72.2 

>  16.0 

10 

27.8 

36 

100.0 

Table  4.  Cumulative 
of  Y  • 

probability 

of  N=9 

as  a 

function 

Y  (°C/km) 

CF^. 

^9 

CF 
^  9 

CP  in 

<  9.0 

78 

179 

0 

0 

0.0 

9.0-9. 9 

16 

101 

2 

2 

2.0 

10.0-10.9 

26 

85 

3 

5 

5.9 

11.0-11,9 

14 

59 

2 

7 

11.9 

12.0-12,9 

19 

45 

8 

15 

33.3 

13.0-13.9 

8 

26 

3 

18 

69.2 

>  14.0 

18 

18 

18 

36 

100.0 
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(Table  5.c).  Table  5.d  shows  the  most  probable  category  of 
N  for  the  first  observation  following  the  end  of  N=9. 

The  residuals  are  stratified  into  cases  where  AN  is 
less  than  0  or  greater  than  0,  as  shown  in  Tables  6.a-6.b 
and  Figures  23-24.  The  cumulative  probability  histogram 
for  cases  having  AN  greater  than  0  is  given  in  Figure  23. 

The  histogram  for  cases  of  AN  less  than  0  is  given  in 
Figure  24.  These  results  show  that  the  probability  of  the 
equation  for  y  overpredicting  N  increases  as  the  model 
output  RH  decreases.  Conversely,  the  probability  of  the 
equation  for  y  underpredicting  N  increases  as  the  model 
output  RH  increases. 

4 .  Outbreak  Histories 

Histories  for  individual  outbreaks  of  cold-air  strato- 
cumulus  during  the  period  are  shown  in  Appendix  E.  There 
is  no  preferred  pattern  in  terms  of  length  as  periods  as 
short  as  5  days  or  as  long  as  16  days  were  observed.  How¬ 
ever,  there  is  a  tendency  for  the  maximum  cloud  activity  to 
occur  toward  the  beginning  of  each  outbreak  as  indicated  by 
positive  skewness  in  most  cases. 

The  synoptic  pattern  in  most  cases  showed  the  most 
vigorous  cloud  activity  coincided  with  a  surge  of  cold  air 
advancing  ahead  of  a  large,  intense  anticyclone  originating 
in  the  Baikal  region  of  Siberia.  Some  cases  showed  bubble 
high  development  on  the  leading  edge  of  the  main  high.  As 
this  bubble  high  split  away  from  the  main  high,  a  trough 
developed  between  the  two  high  pressure  centers.  The  changes 


Table  5. a 


Probability  of  N=9  at  the  end  of  12  and  24 
hours  if  N  is  currently  9. 
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Time 

^0 

^12 

^24 

P 

12  hours 

9 

7 

- 

77.8% 

24  hours 

11 

- 

8 

72.7% 

Table  5.b. 

Probability  of  N=9  at  the  end  of 

12  and  24 

hours  if  N 

has  been  9  for  12  hours. 

Time 

^0 

^12 

^24 

P 

12  hours 

9 

6 

- 

66.7% 

24  hours 

8 

- 

4 

50.0% 

Table  5.c. 

Probability  of  N=9  at  the  end  of 

12  and  24 

hours  if  N 

has  been  9  for  24  hours. 

Time 

^0 

^12 

^24 

P 

12  hours 

9 

4 

- 

44.4% 

24  hours 

9 

- 

3 

33.3% 

Table  5.d.  Most  probable  category  for  N  for  first 
observation  following  N=9  (based  on  12 
cases) • 

Category  Frequency  Probability 


N 

0 

0 

0.0% 

0 

< 

N 

< 

3 

1 

8.3% 

3 

C' 

N 

< 

6 

4 

33.3% 

6 

< 

N 

9 

7 

58  .  3% 
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Table  6. a.  Probability  of  AN  >  0  as  a  function  of  model 


output 

850 

mb  relative 

humidity 

(RH)  . 

RH 

f 

CF 

CF% 

CP% 

<  70.0 

8 

16 

100.0 

100.0 

70.0-74.9 

4 

8 

50.0 

50.0 

75.0-79.9 

4 

4 

25.0 

25.0 

>  80.0 

0 

0 

0.0 

0.0 

Table  6.b.  Probability  of  AN  <  0  as  a  function  of  model 
output  850  mb  relative  humidity  {RH) . 


RH 

f 

CF 

CF% 

CP% 

<  70.0 

0 

0 

0.0 

0.0 

70.0-74.9 

3 

3 

14.3 

14.3 

75.0-79.9 

6 

9 

42.9 

42.9 

>  80.0 


12 


21 


100.0 


100.0 


Cumulative  Probability  {%) 
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100-1 


9(H 


80H 


70^ 


60  H 


50H 


40- 

30- 

20- 


10- 

0  I  I  I  I 

<70  70-74.9  75-79,9  >80 

Model  Output  850  mb  Relative  ilumidity  (TO 

Fiijure  23*  Cumulative  probability  hiutoj^ram  lor 
aE')<0  au  a  function  of  iiiodel  output 
850  mb  rel.ative  humidity. 


Cumulative  Probability  [%) 
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Model  Output  350  mb  Relative  Humidity  (C) 

Figure  24-  Cumulative  probability  histogram  for 
All>0  as  a  function  of  model  output 
850  mb  relative  humidity. 
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in  wind  direction  associated  with  this  trough  seem  to  deter¬ 
mine  which  coastal  areas  of  South  Korea  will  be  affected  by 
cold-air  stratocumulus . 

Although  anticyclones  are  the  dominant  feature  in 
most  cases,  two  other  patterns  also  appear.  One  of  these 
involves  the  development  of  clouds  ahead  of  a  weak  surface- 
low  moving  across  the  Yellow  Sea.  The  other  shows  cellular 
convection  on  the  west  side  of  a  warm  surface  high  located 
over  the  East  China  Sea.  In  the  latter  case,  the  clouds  have 
the  appearance  of  closed  cell  stratocumulus  (Anderson  ^  a^. , 
1969)  and  look  much  like  the  clouds  frequently  observed  in 
summer  to  the  west  of  the  continents. 


CHAPTER  5 


RESULTS 


A.  METHOD  OF  TESTING 

One  of  the  objectives  of  this  research  is  to 
evaluate  the  statistical-dynamical  model  for  short-ranae 
forecasts  of  cold  air  stratocumulus  over  the  Yellow  Sea. 
The  model  is  tested  for  forecasts  valid  at  the  end  of  12 , 
18,  and  24  hours.  Fortv  forecasts  are  made  for  each  time 
oeriod  and  are  verified  with  resoect  to  a  0-class  error. 
The  model  skill  is  determined  with  resoect  to  oersistence. 
climatoloav,  and  chance. 

Forecasts  of  cloud  amount  are  arouped  into  five 
classes:  N=0,  0<N£3,  3<N<6,  6<N<9,  and  N=9.  The  three 

middle  classes  are  to  be  interpreted  as  light,  moderate, 
and  extensive  cloud  coverage,  respectively.  Contingency 
tables  are  constructed  for  each  time  period.  The  skill 
score  is  given  by  (Panofsky  and  Brier,  1968) 


where  R  is  the  number  of  correct  model  forecasts,  T  is  the 
total  number  of  forecasts,  and  E  is  the  number  of  correct 
forecasts  based  on  some  control  such  as  persistence,  clima¬ 
tology,  or  chance.  For  the  model  to  show  skill,  S  must  be 
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The  verification  can  also  be  expressed  in  terms  of 
the  root-mean-square-error  (RMSE) ,  given  by 


where  n  is  the  total  number  of  forecasts,  is  the  i-th 
forecast,  and  is  the  corresponding  observation. 

B.  MODEL  INPUT 

Model  input  is  obtained  from  the  surface  and  850  mb 
charts  and  from  the  sea  surface  temperature  climatology 
charts  (Appendix  B) .  Trajectories  are  forecast  from  the 
850  mb  geostrophic  winds  and  height  field.  A  listing  of 
the  computer  program  KORANL  and  a  description  of  the  model 
input  parameters  are  given  in  Appendix  F.  Input  and  fore¬ 
casts  from  KORANL  are  listed  in  Appendix  G. 


C.  VERIFICATION  OF  12-HOUR  FORECASTS 

Table  7  is  the  12-hour  cloud  forecast  results  where 

N  is  the  cloud  amount  forecast  by  the  model,  N  is  the 

observed  cloud  amount,  N  is  the  persistence  forecast,  and 

P 

N^  cloud  forecast  based  on  climatology.  The  climatology 
forecast  assum>es  3<N<6  except  in  cases  following  one 


occurrence  of  N=9.  After  one  occurrence  of  N=9,  climatology 
forecasts  another  N=9,  followed  by  6<N-'9,  and  returns  to 
3^N<6  on  the  third  forecast.  The  above  scheme  for  clima¬ 


tology  is  based  on  the  outbreak  histories  and  probability 
studies  of  Chapter  4. 
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Table  7.  Verification  of  12-hour  forecasts. 


Valid  Time 

N 

o 

N 

m 

N 

P 

N 

c 

17 

Nov 

81/OOOOZ 

‘9.0 

9.0 

9.0 

4.5 

21 

Nov 

81/OOOOZ 

3.0 

5.6 

2.0 

4.5 

28 

Nov 

81/OOOOZ 

7.5 

9.0 

8.0 

4.5 

21 

Nov 

81/1200Z 

0.0 

1.5 

5.5 

4.5 

2 

Dec 

81/OOOOZ 

8.0 

9.0 

9.0 

7.5 

5 

Dec 

81/OOOOZ 

5.0 

7.2 

7.5 

4.5 

9 

Dec 

81/OOOOZ 

1.0 

2.8 

4.0 

4.5 

10 

Dec 

81/OOOOZ 

5.5 

5.  8 

2.5 

4.5 

11 

Dec 

81/OOOOZ 

5.0 

5.2 

4.0 

4 . 5 

17 

Dec 

81/OOOOZ 

3.0 

2.6 

3.5 

4.5 

20 

Dec 

81/OOOOZ 

6.5 

6.9 

9.0 

7.5 

23 

Dec 

81/OOOOZ 

5.5 

5.6 

4.0 

4.5 

24 

Dec 

81/OOOOZ 

0.5 

1.0 

4. 0 

4.5 

26 

Dec 

81/OOOOZ 

1.0 

0.0 

2.0 

4.5 

31 

Dec 

81/OOOOZ 

7.0 

5.6 

8.0 

7.0 

9 

Dec 

81/1200Z 

2.5 

1.3 

1.0 

4.5 

13 

Dec 

81/1200Z 

9.0 

9.0 

7.5 

4.5 

14 

Dec 

81/1200Z 

9.0 

9.0 

9.0 

9.0 

15 

Dec 

81/1200Z 

7.5 

6.9 

7.0 

4.5 

19 

Dec 

81/1200Z 

9.0 

9.0 

9.0 

9.0 

20 

Dec 

81/1200Z 

3.5 

1.5 

6.5 

4.5 

23 

Dec 

81/1200Z 

4.0 

7.  4 

5.5 

4.5 

29 

Dec 

81/1200Z 

7.5 

7.5 

9.0 

4.5 

31 

Dec 

81/1200Z 

8.0 

8.0 

7.0 

4.5 

10 

Jan 

82/OOOOZ 

0.0 

0.0 

0.0 

4 . 5 

11 

Jan 

82/OOOOZ 

0.0 

0.0 

0.0 

4.5 

14 

Jan 

82/OOOOZ 

5.0 

6.4 

9.0 

9.0 

20 

Jan 

82/OOOOZ 

4.0 

3.7 

7.0 

4.5 

21 

Jan 

82/OOOOZ 

0.0 

0.0 

2.0 

4 . 5 

9 

Jan 

82/1200Z 

0.0 

0.0 

2.5 

4.5 

1 

Feb 

82/OOOOZ 

2.5 

5.1 

6.0 

4.5 

2 

Feb 

82/OOOOZ 

5.5 

5.1 

5.5 

4.5 
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Table  7  (cont.) 


Valid  Time 

N 

o 

N 

m 

N 

P 

N 

c 

5  Feb  82/OOOOZ 

-9.0 

9.0 

4.5 

4.5 

6  Feb  82/OOOOZ 

9.0 

9.0 

7.5 

4.5 

7  Feb  82/OOOOZ 

8.0 

9.0 

9.0 

4.5 

15  Feb  82/OOOOZ 

1.5 

0.0 

1.5 

4.5 

15  Feb  82/1200Z 

0.0 

0.0 

1,5 

4.5 

24  Feb  82/1200Z 

0.0 

0.0 

0.0 

4.5 

26  Feb  82/1200Z 

0.0 

0.0 

0.0 

4.5 

8  Feb  82/OOOOZ 

8.0 

9.0 

9.0 

4.5 
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Table  8. a  is  the  contingency  table  for  12-hour  model 

forecasts.  The  diagonal  of  0-class  errors  the  model  to  be 

correct  in  27  of  40  cases  for  67.5%  accuracy.  Persistence 

is  correct  in  19  of  40  cases  for  47.5%  accuracy.  The  model 

skill  compared  to  persistence  is  38.1%. 

The  expected  number  of  correct  forecasts  from  chance 

is  computed  from  the  contingency  table  by  using  the  formula 

(Panofsky  and  Brier,  1968) 

X  R,  C. 

E  =  - - - i- 

r  T 

where  R.  is  the  total  of  the  i-th  row,  C.  is  the  total  for 
1  1 

the  i-th  column  and  T  is  the  grand  total.  From  the  table 
one  would  expect  forecasts  based  on  chance  to  be  correct  in 
8  cases.  The  model  skill  compared  to  chance  is  59.4-. 
Climatology  is  correct  in  13  cases;  the  model  skill  compared 
to  climatology  is  51.8%.  Table  8.b  summarizes  the  model 
skill  with  respect  to  each  control. 

The  RMSE  of  the  model  forecasts  is  1.2  while  that  of 
persistence  is  2.1.  The  model  thus  gives  a  43.1%  reduction 
in  error  over  persistence. 

Since  this  test  takes  credit  only  for  the  0-class 
errors,  it  is  one  of  the  most  stringent  that  can  be  applied. 
Some  verification  schemes  allow  for  1-category  errors.  If 
a  1-category  error  is  used  for  the  12-hour  model  forecasts, 
the  model  accuracy  is  100%  compared  to  92.5%  for  persistence. 
The  skill  score  then  becomes  100%  with  respect  to  all  three 


controls . 


Table  8. a.  Contingency  table  for  12-hour  model  forecasts. 


Model  Forecast 


Observed 

II 

O 

0<N£3  3< 

N<6  6<N<9 

N=9 

Total 

N=0 

7 

0 

0  0 

0 

7 

0<N<  3 

3 

4 

1  0 

0 

8 

3<1SI_<6 

0 

2 

5  3 

0 

10 

6<N<9 

0 

0 

1  5 

3 

9 

N=9 

0 

0 

0  0 

6 

6 

TOTAL 

10 

6 

7  8 

9 

40 

Table  8.b- 

Skill  of  12-hour  model  forecasts 
to  persistence,  climatology,  and 
on  40  forecasts). 

with  respect 
chance  (based 

Control 

*No.  of  correct 
forecasts  based 
on  control 

*No.  of  correct 
forecasts  based 
on  model 

Skill 

Persistence 

19 

27 

38 . 1 

Clima tology 

13 

27 

51.8 

Chance 

8 

27 

59.4 

*Verification  based  on 


0-category 


error . 


I 


: 
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D.  VERIFICATION  OF  18-HOUR  FORECASTS 

The  18-hour  model  forecasts  cover  the  period  from 
September  through  November  1982.  Because  NOAA-6  was  no 
longer  transmitting  usable  data,  only  pictures  from  NOAA-7 
were  available  for  verification  and  for  making  persistence 
forecasts.  Thus,  the  18-hour  model  forecast  is  compared  to 
12-hour  persistence  and  climatology  forecasts. 

Table  9  is  the  18-hour  forecast  results  while  Table 
10. a  is  the  corresponding  contingency  table.  For  an  0-class 
error,  the  model  forecasts  verify  in  25  of  40  cases  for 
62.5%  accuracy.  Persistence  (based  on  a  12-hour  period)  is 
correct  17  times  for  47.5%  accuracy.  The  model  skill  with 
respect  to  persistence  is  31.8%. 

From  the  contingency  table,  one  would  expect  chance 
to  be  correct  in  8  cases.  Thus,  the  model  skill  compared  to 
chance  is  53.1%.  Climatology  is  correct  in  7  cases.  The 
model  skill  compared  to  climatology  is  54.6%.  Table  10. b 
summarizes  the  model  skill  with  respect  to  each  control. 

The  model  forecast  RMSE  is  1.3  compared  to  2.4  for 
persistence,  giving  a  reduction  in  error  of  44.6%.  The 
model  accuracy  if  one  allows  for  1-category  errors  in  veri¬ 
fication  is  100%. 

F.  VERIFICATION  OF  24-HOUR  FORECASTS 

The  24-hour  forecasts  use  data  from  the  period  of 
November  1981  through  February  1982.  Both  NOAA-6  and  NOAA-7 


are  available. 
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Table  9.  Verification  of  18-hour  forecasts. 


Valid  Time  N  N  N  N 


o 

m 

P 

c 

20 

Sep 

82/1800Z 

5.0 

4.2 

6.0 

4.5 

23 

Sep 

82/0600Z 

0.0 

0.0 

0.0 

4.5 

26 

Sep 

82/1800Z 

8.0 

9.0 

9.0 

9.0 

27 

Sep 

82/0600Z 

5.0 

5.4 

8.0 

7.  5 

27 

Sep 

82/1800Z 

8.0 

5.0 

5.0 

4 . 5 

15 

Oct 

82/1800Z 

2.5 

4.8 

6.0 

4.5 

16 

Oct 

82/0600Z 

1.0 

2.5 

2.5 

4.5 

17 

Oct 

82/0600Z 

7.0 

4.1 

8.0 

4.5 

17 

Oct 

82/1800Z 

3-0 

3.0 

1.0 

4.5 

18 

Oct 

82/0600Z 

3.0 

1.9 

3.0 

4.5 

19 

Oct 

82/0600Z 

8.0 

4.0 

8.0 

4.5 

19 

Oct 

82/1800Z 

6.5 

5.5 

8.0 

4.5 

20 

Oct 

82/0600Z 

2.0 

2.0 

6.0 

4.5 

23 

Oct 

82/0600Z 

8.0 

9.0 

9.0 

9.0 

23 

Oct 

82/1800Z 

9.0 

9.0 

8.0 

7.5 

24 

Oct 

82/1800Z 

6.5 

6.8 

9.0 

7.5 

25 

Oct 

82/0600Z 

4.0 

4.6 

6.5 

7.5 

25 

Oct 

82/1800Z 

4.0 

3.4 

4.0 

4.5 

5 

Nov 

82/1800Z 

4.5 

3.2 

4.5 

4.5 

9 

Nov 

82/1800Z 

9.0 

9.0 

9.0 

9.0 

10 

Nov 

82/0600Z 

9.0 

9.0 

9.0 

7.5 

10 

Nov 

82/1800Z 

9.0 

9.0 

9.0 

4.5 

11 

Nov 

82/0600Z 

8.0 

9.0 

9.0 

4.5 

17 

Nov 

82/1800Z 

9.0 

9.0 

3.0 

4.5 

19 

Nov 

82/0600Z 

2.0 

3. 1 

9.0 

9.0 

19 

Nov 

82/1800Z 

5.0 

6.2 

2.0 

4.5 

22 

Nov 

82/0600Z 

6.5 

4.8 

9.0 

9.0 

22 

Nov 

82/1800Z 

9.0 

9.0 

6.0 

4.5 

24 

Nov 

82/0600Z 

9.0 

9.0 

6.0 

4.  5 

29 

Nov 

82/1800Z 

7.0 

7.3 

9.0 

4.5 

30 

Nov 

82/0600Z 

6.5 

5.  3 

7.0 

4.5 

1 

1 


j 


Table  9  (cont.) 


Valid  Time 

N 

o 

N 

m 

N 

P 

N 

c 

12 

Oct 

82/1800Z 

a.o 

0.0 

0.0 

4.5 

18 

Oct 

82/1800Z 

3.0 

0.0 

0.0 

4.5 

5 

Oct 

82/1800Z 

2.0 

0-0 

0.0 

4.5 

24 

Sep 

82/1800Z 

0.0 

0.0 

0.0 

4.5 

12 

Oct 

82/0600Z 

0.0 

0.0 

3.0 

4.5 

23 

Sep 

82/1800Z 

0.0 

0.  0 

0.0 

4.5 

25 

Sep 

82/1800Z 

0.0 

0.0 

0.0 

4.5 

11 

Nov 

82/1800Z 

8.0 

9.0 

8.0 

4.5 

24 

Nov 

82/1800Z 

9.0 

9.0 

9.0 

9.0 

Table  10. a.  Contingency  table  for  18-hour  model  forecasts. 


Model  Forecast 


Observed 

N=0 

0<N<3 

3<N<6 

6<N<9 

N=9 

Total 

o 

II 

2 

6 

1 

0 

0 

0 

7 

0<N<  3 

1 

4 

2 

0 

0 

7 

3<N<6 

0 

0 

5 

2 

0 

7 

6<N<9 

0 

0 

5 

2 

4 

11 

N=9 

0 

0 

0 

0 

8 

8 

TOTAL 

7 

5 

12 

4 

12 

40 

Table  10. b. 

Skill  of  la-hour 
to  persistence, 
on  40  forecasts) 

model  forecasts 
climatology,  and 

with  respect 
chance  (based 

Control 

*No.  of  correct 
forecasts  based 
on  control 

*No.  of  correct 
forecasts  based 
on  model 

Skill 

o 

Persistence 

18 

25 

31.8 

Climatology 

7 

25 

54.6 

Chance 

8 

25 

53.1 

*Verif ication  based  on  0-category  error. 
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Table  11  gives  the  24-hour  forecast  results  while 
Table  12. a  is  the  corresponding  contingency  table.  For  a 
0-class  error,  the  model  forecasts  verify  in  19  cases  for 
47.5%  accuracy.  Persistence  is  correct  10  times  for  25.0% 
accuracy  while  climatology  is  correct  12  times  for  30.0% 
accuracy.  The  model  skill  with  respect  to  persistence  is 
30.0%  and  with  respect  to  climatology  is  25.0%.  One  reason 
that  climatology  performs  better  than  persistence  in  this 
test  is  that  more  cases  were  chosen  from  this  class  interval 
3<N£6.  There  are  13  cases  where  3<N<6  compared  to  10  in  the 
12-hour  test  and  7  in  the  18-hour  test.  Table  12. b  summa¬ 
rizes  the  model  skill  with  respect  to  these  controls. 

According  to  the  contingency  table,  one  would  expect 
chance  to  be  correct  in  7  cases.  The  model  skill  compared 
to  chance  is  36.4%. 

The  model  forecast  RMSE  is  2.5  compared  to  3.5  for 
persistence  and  2.9  for  climatology.  The  model's  reduction 
in  error  is  28.6%  compared  to  persistence  and  13.8%  compared 
to  climatology. 

Allowing  for  1-catcgory  errors,  the  model  has  80% 
accuracy  compared  to  75%  for  climatology  and  65%  for  persis¬ 
tence.  The  model  skill  is  20.0%  with  respect  to  climatology 
and  42.8%  with  respect  to  persistence. 


r 

Table  11. 

Valid  Time 

Verification  of 

N  N 

o  m 

93 

24-hour  forecasts.  i 

j 

N  N  i 

P  c  , 

13 

Nov 

81/OOOOZ 

0.5 

0.0 

2.0 

4.5 

18 

Nov 

81/OOOOZ 

9.0 

6.6 

9.0 

9.0 

19 

Nov 

81/OOOOZ 

8.0 

7.2 

9.0 

4.5 

28 

Nov 

81/OOOOZ 

7.5 

9.0 

8.5 

4.5  ; 

9 

Nov 

81/1200Z 

7.5 

9.0 

9.0 

4.5  : 

15 

Nov 

81/1200Z 

0.5 

2.1 

0.0 

4.5 

18 

Nov 

81/1200Z 

5.0 

2.5 

8.0 

4.5 

26 

Nov 

81/1200Z 

4.0 

9.0 

5.0 

4.5 

28 

Nov 

81/1200Z 

4.0 

4.4 

7.5 

4.5 

4 

Dec 

81/OOOOZ 

5.0 

9.0 

9.0 

9.0 

5 

Dec 

81/OOOOZ 

5.0 

4.5 

7.0 

4.5 

6 

Dec 

81/OOOOZ 

5.0 

5.9 

5.0 

4.5  1 

7 

Dec 

81/OOOOZ 

5.0 

9.0 

5.0 

4.5 

8 

Dec 

81/00002 

3.0 

9.0 

5.0 

4.5 

9 

Dec 

81/OOOOZ 

1.0 

2.4 

3.0 

4.5 

10 

Dec 

81/OOOOZ 

5.5 

3.4 

1.0 

4.5 

11 

Dec 

81/OOOOZ 

5.0 

1.6 

5.5 

4.5 

5 

Dec 

81/1200Z 

3.0 

8.2 

7.5 

4.5 

9 

Dec 

81/1200Z 

2.5 

2.2 

4.0 

4.5 

15 

Dec 

81/1200Z 

7.5 

9.0 

9.0 

4.5 

20 

Dec 

81/1200Z 

3.5 

0.0 

9.0 

9.0 

21 

Dec 

81/1200Z 

0.0 

0.0 

3.5 

4.5 

24 

Dec 

81/1200Z 

0.0 

0.0 

4.0 

4.5 

29 

Dec 

81/1200Z 

7.5 

7.4 

0.0 

4.5 

2 

Jan 

82/OOOOZ 

2.0 

0.0 

8.0 

4.5 

3 

Jan 

82/OOOOZ 

0.0 

0.0 

2.0 

4.5 

5 

Jan 

82/OOOOZ 

4.5 

1.6 

0.0 

4.5 

9 

Jan 

82/OOOOZ 

2.5 

3.7 

8.0 

4.5  I 

10 

Jan 

82/OOOOZ 

0.0 

0.0 

2.5 

4.5 

11 

Jan 

82/OOOOZ 

0.0 

0.0 

0.0 

4.5 

L 

12 

Jan 

82/OOOOZ 

9.0 

9.0 

0.0 

4.5 

_  1 
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Table  11  (cent.) 


Valid  Time 

N 

c 

N 

m 

N 

P 

N 

c 

13 

Jan 

82/OOOOZ 

8.0 

9.0 

9.0 

9.0 

14 

Jan 

82/OOOOz 

5.0 

9.0 

9.0 

4.5 

15 

Jan 

82/OOOOZ 

9.0 

9.0 

5.0 

4.5 

20 

Jan 

82/OOOOz 

4.0 

4.9 

9.0 

4.5 

12 

Jan 

82/1200Z 

9.0 

9.0 

9.0 

7.5 

20 

Jan 

82/1200Z 

2.0 

4.5 

7.0 

4.5 

27 

Jan 

82/1200Z 

9.0 

9.0 

9.0 

4.5 

7 

Feb 

82/OOOOZ 

8.0 

9.0 

9.0 

9.0 

13 

Feb 

82/1200Z 

3.0 

2.6 

0.0 

4.5 
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Table  12. a. 

Contingency  table 

for  24-hour 

model 

forecasts . 

Model 

Forecast 

Observed 

! 

1  ^ 
O 

1 

0<N<  3 

3^N<6  G-" 

N--9 

N=9 

Total 

N=0 

5 

0 

0 

0 

0 

5 

0<N<  3 

3 

3 

1 

2 

1 

10 

3<N<6 

1 

3 

5 

0 

4 

13 

6<N<9 

0 

0 

0 

2 

5 

7 

N=9 

0 

0 

0 

1 

4 

5 

TOTAL 

9 

6 

6 

5 

14 

40 

Table  12. b. 

Skill  of  24-hour  model  forecasts  with  respect  to 
persistence,  climatology,  and  chance  (based  on 

40  forecasts)  . 

Control 

*No.  of  correct 
forecasts  based 
on  control 

*No.  of  correct  Skill 

forecasts  based  7, 

on  model 

Persistence 

10 

19  30.0 

Climatology 

12 

19  25.0 

Chance 

7 

19  36.4 

*Verif ication  based  on  0-cateqory  error. 


CHAPTER  6 


CONCLUSIONS 

The  main  objective  of  this  research  was  to  develop 
and  test  a  statistical-dynamical  model  for  forecastinq  cold- 
air  stratocumulus  over  the  Yellow  Sea.  Another  aim  was  to 
investigate  the  seasonal  climatology  of  mesoscale  cellular 
convection  during  the  1981-1982  northwest  winter  monsoon. 

To  these  ends,  the  study  relied  heavily  on  satellite  data 
in  the  statistical  analysis. 

By  relating  the  degree  of  convective  activity  to  a 
boundary  layer  stability  parameter,  it  was  possible  to 
formulate  statistical  forecast  equations  for  cloud  amount 
over  a  defined  area.  Existing  Lagrangian  models  for  the 
planetary  boundary  layer  (Lilly,  1968;  Carson  and  Smith, 
1974;  Deardorff,  1976;  Schubert  e^  >  1979;  Stage,  1979; 

Albrecht  et  ,  1979;  Randall,  1980;  Stage  and  Businger, 
1981)  provided  the  conceptual  framework  for  a  much  simpli¬ 
fied  two-layer  Lagrangian  model  suitable  for  a  microcomputcr 
Model  output  was  used  in  the  analysis  of  cloud  amount  errors 
based  on  predictions  from  the  stability  parameter.  A 
statistical  relationship  between  the  forecast  850  mb  rela¬ 
tive  humidity  and  the  forecast  errors  permitted  use  of  the 
residual  method  in  forecastinq  cloud  amounts. 

It  was  determined  that  the  model  showed  considerable 
forecast  skill  for  time  periods  of  12,  18,  and  24  hours  when 
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compared  to  forecasts  based  on  persistence,  chance,  and 
climatology.  The  study  also  showed  that  persistence  fore¬ 
casts  were  more  successful  than  climatology  except  for  a 
forecast  period  of  24  hours. 

Trajectories  constructed  from  the  850  mb  analysis 
were  used  in  determining  the  input  parameters.  The  test 
results  seem  to  favor  this  procedure  for  short-range 
applications  of  the  model.  However,  the  validity  of  this 
method  depends  heavily  upon  one's  experience  and  analysis 
skills.  Yet,  it  is  still  significant  that  this  apparent 
disadvantage  offers  no  strong  restrictions  to  operational 
use  of  the  model. 

Perhaps  the  most  important  aspect  of  this  study  is 
the  model's  success  despite  its  simplicity.  It  appears 
that  this  success  was  partly  achieved  by  selecting  a  pre¬ 
dictor  closely  related  to  the  physics  of  Rayleigh  convection. 
Another  key  factor  was  the  use  of  a  cloud  level  moisture 
variable  and  model  output  statistics  in  the  development  of 
the  residual  relationship.  In  both  predictors  other  impor¬ 
tant  effects  are  implicit.  For  example,  the  simulation 
includes  the  effects  of  fetch,  sea  surface  temperature  and 
moisture  gradients,  and  surface  fluxes  of  sensible  and 
latent  heat.  By  combining  the  two  statistical  equations 
with  the  model  output,  a  remarkably  accurate  simulation  oi 
stratocumulus  development  emerges. 

Forecast  verification  showed  that  the  model  [performed 
particularly  well  in  timing  the  onset  and  extent  of  major 
outbreaks  of  cold  air  stratocumulus.  This  result  is  signi- 
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ficant  in  evaluating  the  model's  potential  as  a  forecast 
tool . 

Test  results  from  the  computer  program  KORANL 
suggest  other  possible  applications.  For  example,  several 
trajectories  could  be  used  in  doing  a  neph-analysis  of  cold 
air  stratocumulus  over  a  broad  area.  The  analysis  could  use 
either  the  area  forecasts  produced  from  the  statistical 
equations  or  a  point  method,  assuming  clouds  form  if  the 
850  mb  relative  humidity  is  greater  than  80'. 

The  model  could  also  be  applied  to  point  forecasting 
of  temperature  and  precipitation.  The  model  includes  a 
routine  for  forecasting  snow.  An  example  of  a  point  fore¬ 
cast  for  snow  in  Seoul,  Korea  is  shown  in  Appendix  H. 

The  seasonal  climatology  indicates  that  most  cold  air 
stratocumulus  over  the  Yellow  Sea  occurs  between  Movembor 
and  March,  although  data  from  the  fall  of  19  8  2  sho\\;  out¬ 
breaks  in  late  September.  It  is  also  possible  that  the 
phenomenon  may  occur  in  early  March,  though  not  observed  in 
this  study.  In  most  cases,  the  areal  coverage  and  intensity 
of  the  clouds  is  proportional  to  the  intensity  of  the  invad¬ 
ing  cold  air.  Maximum  a  tivity  occurs  during  great  surg'cs 
of  cold  air.  Minimum  activity  occurs  when  changes  in  the 
synoptic  flow  disrupt  the  northwest  monsoon. 

Further  study  is  needed  to  deterniino  if  the  model  is 
applicable  to  other  areas  such  as  the  western  Atlantic  or 
the  Great  Lakes.  The  size  of  the  tost  area  useci  in  (his 
research  would  be  too  large  for  forecastinu  clouds  over  the 


Great  Lakes,  which  are  much  smaller  than  the  Yellow  Sea. 
However,  the  model  should  be  applicable  to  point  forecast¬ 
ing  temperature,  relative  humidity,  and  snowfall  along  the 
shores  of  the  Great  Lakes. 
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APPENDIX  A 


METHOD  OF  ESTIMATING  VERTICAL  VELOCITY 

The  technique  for  estimating  the  vertical  velocity 
along  the  trajectory  involves  map  typing.  It  is  assumed 
that  similar  vertical  velocities  are  associated  with  certain 
recurring  synoptic  patterns  at  the  surface  and  850  mb 
levels . 


The  following  steps  are  involved  in  the  application 
of  this  method; 


1.  Analysis  of  the  surface  pressure  and  850 
mb  heights. 

2.  Construction  of  the  850  mb  forecast  trajec¬ 
tory. 

3.  Assigning  a  map  type  from  Figures  A1-A7  based 
on  the  surface  and  850  mb  analyses.  (The 
fixed  test  point  (36°N,  125 °E) appears  as  S  in 
these  figures.) 

4.  Determining  the  position  of  the  trajectory 
with  respect  to  the  areas  of  expected  vertical 
motion . 


Case  histories  from  the  winter  of  1981-82  showed  the 


following  patterns  to  be  the  most  significant: 

1.  Weakening  surface  low  with  approaching  850  mb 
short  wave.  Vertical  velocity  ahead  of  short 
wave  axis  is  0.5  cm/s  (Figure  Al) . 

2.  Elongated  trough  tilting  southwest  to  north¬ 
east  at  the  surface  and  at  850  mb.  Vertical 
velocity  ahead  of  850  mb  trough  axis  is  i.O 
cm/s  (Figure  A2) . 

3.  Weakening  closed  low  at  both  the  surface  and 
at  850  mb.  Vertical  velocity  ahead  of  the  850 
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mb  trough  axis  is  1.5  cm/s  (Figure  A3). 

4.  Well-developed  and  intensifying  closed  low 
at  both  the  surface  and  at  850  mb.  Vertical 
velocity  within  closed  contours  is  2.0  cra/s 
(Figure  A4)  . 

5.  Bubble  high  at  the  surface  and  very  weak  short 
wave  imbedded  in  the  850  mb  flow.  Vertical 
velocity  is  0.25  cin/s  ahead  of  the  850  mb  short 
wave  and  between  the  two  surface  high  pressure 
centers.  Vertical  velocity  is  -0.25  cm/s 
within  200  km  of  the  surface  high  center 
(Figure  A5 } . 

6.  Warm  high  at  the  surface  and  at  850  mb  extend¬ 
ing  northward  from  the  East  China  Sea.  Verti¬ 
cal  velocity  is  -0.5  cm/s  within  300  km  of  the 
surface  high  center  (Figure  A6). 

7.  Cold  high  at  the  surface  and  at  850  mb  located 
over  western  China  and  producing  steady  north¬ 
west  flow  over  the  Yellow  Sea.  Vertical 
velocity  nearly  0.0  cm/s  over  the  Yellow  Sea 
(Figure  A7 ) . 
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Figure  A3.  VJeakening  closed  low  at  both  the  sun’’.  :e 

and  at  350  mb.  Vertical  veloc:t,;;  a.nea  ;  el 
the  850  mb  trough  axis  is  1,5  cm/s. 


Figure  A4.  I/eLl  deve  i  opiui  nnd  Liitens  i  I'v  i  tir  ; 


closed  lovj  at  l'ot!i  t.ho  s.ui’faei'  and 
850  mb.  Vertical  velocity  within 
closed  contours  is  d.O  ci:i/s. 


Fi:^ure  A5.  Bubble  high  at  tiio  uuri'acc  and  a  wear: 

short  wave  irnLuMiiied  in  the  850  r.b  flow. 
Vertical  velocity  Is  0.25  cn/s  aheau  ci 
the  850  mb  short  wave  and  between  tl'io  T/wt 
surface  high  pressure  centers.  Vertical 
velocity  is  -0.25  cz/s  within  200  km  o: 
the  surface  hir'n  rrossuro  center. 


L  u  r  e  A  6  , 


Vharm  liigh  at,  the  surface  and  at  850  ::;n 
extends  northward  from  the  last  Chir.a 
Sea.  Vertical  velocity  is  -0.5  cm/s 
witliLn  100  km  uf  the  surface  high  cento: 


Figure  A7.  Cold  high  at  the  surface  and  at 
located  over  v/estern  China  and  producing  s 
nortiiwost  flow  over  the  Yellow  Sea.  Verti 
nearly  0.0  cm/s  over  the  Yellow  Sea. 
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APPENDIX  B 


SEA  SURFACE  TEMPERATURE  CLIMATOLOGY 
CHARTS  FOR  THE  YELLOW  SEA 

Figures  B1-B7  represent  the  monthly  mean  sea  surface 
temperature  climatology  for  the  Yellow  Sea  (U.S.  Navy, 
1977).  All  temperatures  are  in  degrees  Celsius. 


112 


APPENDIX  C 


DEVELOPMENTAL  DATA  FROM  NOVEMBER  1981 
THROUGH  FEBRUARY  1982 


Tables  C1-C8  list  the  developmental  data  for  the 
linear  regression  analyses  of  cloud  amount  and  stability 


parameter.  Cases  used  in  the  analysis  are  denoted  by  an 


asterisk 

(*)  . 

The  symbols  are  defined  as  follows: 

1. 

N: 

cloud  amount. 

2. 

Ts: 

sea  surface  temperature  at  the  test 
point  in  °C. 

3. 

CD 

850  mb  temperature  at  the  test  point 
in  °C. 

4. 

CO 

850  mb  height  at  the  test  point  in 
meters . 

5. 

Y: 

boundary  layer  stability  parameter 
in  °C/km. 

6. 

N  : 

m 

cloud  amount  from  the  regression 
equation  for  y . 

7. 

AN: 

error  in  cloud  amount  from  regression 
equation  for  Y. 
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Table 

Cl.  November 

1981  data 

for 

OOOOZ. 

Day 

N 

T 

s 

^8 

^8 

Y 

N 

m 

IN 

1 

- 

15.4 

2 

- 

15.2 

3 

- 

15.1 

4 

- 

15.0 

5 

- 

14.8 

6 

*6.0 

14.6 

-1.5 

1555 

13.2 

9.0 

3.0 

7 

- 

14.5 

8 

9.0 

14.4 

-10.5 

1545 

16.1 

9.0 

0.0 

9 

- 

14.2 

10 

*6.0 

14.0 

-5.5 

1510 

12.9 

9.0 

3.0 

11 

- 

13.9 

12 

*2.0 

13.8 

0.0 

1520 

9.1 

2.6 

0.6 

13 

*0.5 

13.6 

2.  0 

1530 

7.6 

0.0 

-0.5 

14 

0.0 

13.4 

1.5 

1525 

7.8 

0.0 

0.0 

15 

- 

17.  3 

16 

0.0 

13.1 

1.5 

1470 

7.9 

0.0 

0.0 

17 

9.0 

13.0 

-3.  5 

1500 

11.0 

6.7 

-2.3 

18 

9.0 

12.9 

-1.0 

1525 

9.1 

2.6 

-6.4 

19 

(8.0) 

12.8 

20 

- 

12.6 

21 

*3.0 

12.5 

-1.5 

1520 

9 . 2 

2 . 8 

-0.2 

22 

- 

12.4 

23 

- 

12.3 

24 

- 

12.1 

25 

*2.0 

12.0 

-1.0 

1530 

8.5 

1.  3 

-0.7 

26 

- 

11.9 

27 

*8.5 

11.7 

-2.5 

1520 

9.  3 

3.0 

-5.5 

28 

*7.5 

11.6 

-6.5 

1525 

11.9 

8.6 

1.1 

29 

- 

11.5 

30 

- 

11.4 

122 


Table  C2.  November  1981  data  for  1200Z. 


Day 

N 

T 

s 

■^8 

Y 

N 

m 

'■,N 

1 

- 

15.4 

2 

- 

15.2 

3 

- 

15.1 

4 

- 

15.0 

5 

*4.0 

14.8 

-3.  8 

1560 

11.4 

7.5 

3.5 

6 

9.0 

14.6 

-4.5 

1566 

12.2 

9.0 

0.0 

7 

9.0 

14.5 

-12.0 

1566 

16.9 

9.0 

0.0 

8 

9.0 

14.4 

-10.5 

1540 

16.2 

9.0 

0.0 

9 

*7.5 

14.2 

-7.  0 

1521 

13.9 

9.0 

1.5 

10 

- 

14.0 

11 

*1.0 

13.9 

-1.5 

1530 

10.1 

4.7 

3.6 

12 

0.0 

13.  8 

1.0 

1523 

8.4 

1.1 

1.1 

13 

0.0 

13.6 

1.  5 

1531 

7.9 

0.0 

0.0 

14 

0.0 

13.4 

4.0 

1503 

6.3 

0.0 

0.0 

15 

*0.5 

13.  3 

1.5 

1460 

8.1 

0.4 

-0.1 

16 

- 

13.1 

17 

*8.0 

13.0 

-3.0 

1520 

10.5 

5.6 

-2.4 

18 

*5.0 

12.9 

0.5 

1525 

8.1 

0.4 

-4.6 

19 

- 

12.8 

20 

*2.0 

12.6 

0.0 

1509 

8.3 

0.8 

-1.2 

21 

0.0 

12.5 

1.0 

1525 

7.5 

0.0 

0.0 

22 

- 

12.4 

23 

0.0 

12.  3 

0.0 

1501 

8.2 

0.6 

0.6 

24 

*1.5 

12.1 

-1.5 

1524 

8.9 

2.1 

0.6 

25 

- 

12.0 

26 

*4.0 

11.9 

-1.5 

1516 

8.8 

1.9 

-2.1 

27 

*8.0 

11.7 

-7.0 

1514 

12.4 

9.0 

1.0 

28 

*4.0 

11.6 

-5.0 

1549 

10.7 

6.0 

2.0 

29 

- 

11.5 

30 

*8.0 

11.4 

-9.0 

1548 

13.2 

9.0 

1.0 

123 


Table  C3.  December  1981  data  for  OOOOZ. 


Day 

N 

T 

s 

^8 

^8 

Y 

N 

m 

'.N 

1 

9.0 

11.  3 

-15.0 

1525 

17.2 

9.0 

0.0 

2 

*8.0 

11. 1 

-8.4 

1560 

12.  6 

9.0 

1.0 

3 

9.0 

11.0 

-5.0 

1575 

10.2 

4.9 

-4.1 

4 

*5.0 

10.9 

-4.0 

1545 

9.6 

3.6 

-1.4 

5 

*5.0 

10.7 

-4.5 

1525 

10.0 

4.5 

-0.5 

6 

*5.0 

10.6 

-6.5 

1510 

11.3 

7.  3 

2.3 

7 

*5.0 

10.5 

-6.0 

1480 

11.1 

6.9 

1.9 

8 

*3.0 

10.4 

-5.0 

1495 

10.3 

5.1 

2.1 

9 

*1.0 

10.2 

-2.0 

1535 

7.9 

0.0 

-1.0 

10 

*5.5 

10.  1 

-1.5 

1545 

7.5 

0.0 

-5.5 

11 

*5.0 

10.0 

-1.5 

1490 

7.7 

0.0 

-5.0 

12 

*7.0 

9.8 

-6.0 

1500 

10.5 

5.6 

-1.4 

13 

*7.5 

9.7 

-6.0 

1535 

10.2 

4.9 

-2.6 

14 

9.0 

9.6 

-9.5 

1510 

12.6 

9.0 

0.0 

15 

*7.0 

9.4 

-9.0 

1535 

12.0 

8.8 

1.8 

16 

- 

9.4 

17 

*3.0 

9.3 

-4.5 

1590 

8.7 

1.7 

-1.3 

18 

- 

9.3 

19 

9.0 

9.2 

-6.0 

1455 

10.4 

5.4 

-3.6 

20 

*6.5 

9.2 

-3.5 

1480 

8.6 

1.5 

-5.0 

21 

*4.5 

9.1 

-2.0 

1505 

7.4 

0.0 

-4.5 

22 

- 

9.1 

23 

*5.5 

9.0 

-6.0 

1460 

10.3 

5.2 

-0.3 

24 

*0.5 

9.0 

-5.0 

1500 

9.3 

3.0 

2.5 

25 

*2.0 

8.9 

-1.5 

1510 

6.9 

0.0 

-2.0 

26 

*1.0 

8.8 

-3.0 

1480 

8.0 

0.2 

-0.8 

27 

- 

8.8 

28 

- 

8.7 

29 

9.0 

8.7 

-7.5 

1470 

11.0 

6.7 

-2.  3 

30 

- 

8.6 

31 

*7.0 

8.6 

-10.0 

1465 

12.  7 

9.0 

2.0 

Tatile  C4.  Decen±)er  1981  data  for  1200Z 


Day 

N 

T 

s 

^8 

^8 

Y 

N 

m 

AN 

1 

9.0 

11.  3 

’-15.0 

1541 

17.  1 

9.0 

0.0 

2 

*5.0 

11.1 

-6.0 

1578 

10.8 

6.2 

1.2 

3 

- 

11,0 

4 

*7.5 

10.0 

-4.0 

1520 

9.8 

4,1 

-3.4 

5 

*3.0 

10.7 

-4.0 

1526 

9.6 

3.6 

0.6 

6 

*6.5 

10.6 

-5.0 

1505 

10.4 

5.4 

-1.1 

7 

*4.5 

10.5 

-4.5 

1509 

9.9 

4.3 

-0.2 

8 

*4.0 

10.4 

-4.0 

1521 

9.5 

3.4 

-0.6 

9 

*2.5 

10.2 

-2,0 

1541 

7.9 

0.0 

-2,5 

10 

- 

10,1 

11 

- 

10.0 

12 

- 

9.8 

13 

9.0 

9.7 

-11.5 

1542 

13.7 

9,0 

0.0 

14 

9.0 

9.6 

-12.0 

1530 

14.1 

9.0 

0.0 

15 

*7.5 

9.4 

-7.0 

1550 

10.6 

5.8 

-1.7 

16 

- 

9.4 

17 

*3.5 

9.3 

-5.0 

1593 

9.0 

2.4 

-1.1 

18 

- 

9.3 

19 

9.0 

9.2 

-9.5 

1463 

12.8 

9.0 

0.0 

20 

*3.5 

9.2 

-2.0 

1497 

7.5 

0.0 

-3.5 

21 

0.0 

9.1 

-1.0 

1510 

6.7 

0.0 

0.0 

22 

- 

9.1 

23 

*4.0 

9.0 

-9.0 

1491 

12.1 

9.0 

5.0 

24 

0.0 

9.0 

-2.0 

1518 

7. 2 

0.0 

0.0 

25 

0.0 

8.9 

1.5 

1501 

4 . 9 

0.0 

0.0 

26 

0.0 

8.8 

4.0 

1472 

3.  3 

0.0 

0.0 

27 

0.0 

8.  8 

2.0 

1482 

4,6 

0.0 

0.0 

28 

0.0 

8.7 

0.0 

1475 

5.9 

0.0 

0.0 

29 

*7,5 

8.7 

-7.5 

1484 

10.9 

6.5 

-0.9 

30 

- 

8.6 

31 

*8.0 

8.6 

-10.0 

1479 

12.6 

9.0 

1.0 

125 


Table  C5.  January  1982  data  for  OOOOZ. 


Day 

N 

T 

s 

^8 

^8 

y 

N 

m 

AN 

1 

*8.0 

8.5 

1 

o 

• 

o 

1 

1480 

12.5 

9.0 

1.0 

2 

*2.0 

8.  4 

-7.0 

1525 

10.1 

4.7 

2.7 

3 

0.0 

8.3 

-1.0 

1525 

6.1 

0.0 

0.0 

4 

0.0 

8.2 

-2.8 

1480 

7.4 

0.0 

0.0 

5 

*4.5 

8.1 

-7.0 

1490 

10.1 

4.7 

0.2 

6 

- 

8.0 

7 

*8.5 

8.0 

-7.5 

1520 

10.2 

4.9 

-3.6 

8 

*8.0 

7.9 

-7.0 

1455 

10.2 

4.9 

-3.1 

9 

*2 . 5 

7.8 

-4.5 

1440 

8.5 

1.  3 

-1.2 

10 

0.0 

7.8 

-3.0 

1455 

7.4 

0.0 

0.0 

11 

0.0 

7.7 

0.0 

1430 

5.4 

0.0 

0.0 

12 

9.0 

7.6 

-15.0 

1475 

15.3 

9.0 

0,0 

13 

*8.0 

7.6 

-10.5 

1465 

12.4 

9.0 

1.0 

14 

*5.0 

7.5 

-10.0 

1460 

12.0 

8.8 

3.8 

15 

9.0 

7.4 

-11.0 

1460 

12.6 

9.0 

0.0 

16 

9.0 

7.4 

-16.0 

1450 

16.1 

9.0 

0.0 

17 

9.0 

7,4 

-11.0 

1460 

12.6 

9.0 

0.0 

18 

9.0 

7.3 

-15.0 

1420 

15.7 

9.0 

0.0 

19 

9.0 

7.  3 

-12.5 

1440 

13.8 

9.0 

0.0 

20 

*4.0 

7.3 

-8.0 

1470 

10.4 

5,4 

1.4 

21 

0.0 

7.2 

-2.0 

1475 

6.2 

0.0 

0.0 

22 

- 

7,2 

23 

- 

7.2 

24 

- 

7.2 

25 

- 

7.2 

28 

*4.0 

7.1 

-6.5 

1520 

8.9 

2.1 

-1.9 

27 

9.0 

7.1 

-12.0 

1480 

12.9 

9.  0 

0.0 

28 

9.0 

7.1 

-19.0 

1485 

17.6 

9.0 

0.0 

29 

9.0 

7.0 

-17.5 

1510 

16.2 

9.0 

0.0 

30 

*7.5 

7.0 

-9.0 

1510 

10.6 

5.8 

-1.7 

31 

- 

7.0 

126 


1 


Table  C6.  January  1982  data  for  1200Z. 


Day 

N 

T 

s 

^8 

^8 

Y 

N 

m 

.'■N 

1 

*2.0 

8.5 

-8.0 

1500 

11.0 

6.7 

4.7 

2 

0.0 

8.4 

-4.0 

1540 

8.0 

0.2 

0.2 

3 

0.0 

8.3 

3.0 

1490 

3.6 

0.0 

0.0 

4 

*0.5 

8.2 

-5.5 

1485 

9.2 

2.8 

2.3 

5 

*3.  0 

8.1 

-5.5 

1485 

9.2 

2.8 

-0.2 

6 

*8.0 

8.0 

-9.0 

1505 

11.3 

7.3 

-0.7 

7 

*3.5 

8.0 

-4.5 

1505 

8. 3 

0.  8 

-2.7 

8 

*2.5 

7.9 

-5.0 

1435 

9.0 

2.  4 

-0.1 

9 

0.0 

7.8 

-3.0 

1460 

7.4 

0.0 

0.0 

10 

0.0 

7.8 

1.5 

1460 

4.  3 

0.0 

0.0 

11 

9.0 

7.7 

-6.0 

1450 

9.4 

3.2 

-5.  8 

12 

9.0 

7.  6 

-10.5 

1470 

12.3 

9.0 

0.0 

13 

9.0 

7.6 

-12.0 

1470 

13.  3 

9.0 

0.0 

14 

*6.0 

7.5 

-9.0 

1460 

11.3 

7.3 

1.3 

15 

9.0 

7.4 

-13.5 

1460 

14.3 

9.0 

0.0 

16 

9.0 

7.4 

-15.0 

1480 

15.1 

9.0 

0.0 

17 

9.0 

7.4 

-13.0 

1445 

14.1 

9.0 

0.0 

18 

9.0 

7.3 

-17.0 

1430 

17.0 

9.0 

0.0 

19 

*7.0 

7.3 

-10.0 

1460 

11.8 

8.4 

1.4 

20 

*2.0 

7.3 

-7.5 

1480 

10.0 

4.5 

2 . 5 

21 

0.0 

7.2 

-2.0 

1465 

6.3 

0.0 

0.0 

22 

*3.0 

7.2 

-5.0 

1465 

8.3 

0.8 

-2.2 

23 

0.0 

7.2 

-1.0 

1520 

5.4 

0.0 

0.0 

24 

*0.5 

7.2 

-4.0 

1515 

7.4 

0.0 

-0.5 

25 

0.0 

7.2 

-4.0 

1540 

7.3 

0.0 

0.0 

26 

*8.0 

7.1 

-8.0 

1515 

10.0 

4.5 

-3.5 

27 

9.0 

7.1 

-17.0 

1485 

16.2 

9.0 

0.0 

28 

9.0 

7.1 

-16.0 

1510 

15.  3 

9.0 

0.0 

29 

*8.0 

7.0 

-13.0 

1515 

13.2 

9.0 

1.0 

30 

*3.5 

7.0 

-8.5 

1507 

10.3 

5.2 

1.7 

31 

*6.0 

7.0 

-10.0 

1460 

11.6 

8.0 

2.0 

127 


Table  Cl.  February  1982  data  for  OOOOZ. 


Day 

N 

T 

s 

T 

8 

^8 

Y 

N 

m 

■.N 

1 

*2.5 

7.0 

-9.0 

1470 

10.9 

6.5 

4.0 

2 

*5.5 

6.9 

-8.0 

1505 

9.9 

4.3 

-1.2 

3 

- 

6.9 

4 

- 

6.9 

5 

9.0 

6.9 

-9.0 

1465 

10.9 

6.5 

-2.5 

6 

9.0 

6.9 

-11.5 

1445 

12.7 

9.0 

0.0 

7 

*8.0 

6.9 

-12.5 

1485 

13.1 

9.0 

1.0 

8 

*8.0 

6.8 

-11.0 

1498 

11.9 

8.6 

0 . 6 

9 

*4.5 

6.8 

-7.0 

1497 

9.2 

2.8 

-1.7 

10 

- 

6.8 

11 

- 

6.8 

12 

0.0 

6.8 

13 

- 

6.8 

14 

- 

6.7 

15 

*1.5 

6.7 

-4.5 

1500 

7.5 

0.0 

-1.5 

16 

*2.0 

6.7 

-4.5 

1495 

7.5 

0.0 

-2.0 

17 

- 

6.7 

18 

- 

6.7 

19 

0.0 

6.7 

20 

0.0 

6.7 

21 

0.0 

6.6 

22 

0.0 

6,6 

23 

0.0 

6 . 6 

24 

0.0 

6.6 

25 

0.0 

6.5 

26 

0.0 

6.5 

27 

0.0 

6.5 

28 

0.0 

6.5 

i 

j 

i 


I 

!■ 

I: 

I 


Table  C8.  February  1982  data  for  1200Z. 


Day 

N 

T 

s 

^8 

^8 

'] 

N 

m 

'.N 

1 

*5.5 

7.0 

-10.0 

1508 

11.3 

7.  3 

1.8 

2 

- 

6.9 

3 

- 

6.9 

4 

*4 . 5 

6.9 
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SOUNDINGS  OF  TEMPERATURE  AND 
DEWPOINT  TEMPERATURE 

Figures  Dl-Dll  are  atmospheric  soundings  from 
Kagoshima  (31.6°N,  130. 5°E),  Fukuoka  (33.5°N,  130, 3°E), 
Amami-Oshima  (28.5°N,  129. 5°E),  Kwangju  (36.1°N,  126. S°E), 
and  Osan  (37.1°N,  126. 9°E).  These  soundings  show  the 
vertical  profile  of  temperature  and  dewpoint  temperature 
at  each  station  following  a  cold  air  outbreak.  In  most 
cases,  the  soundings  resemble  the  idealized  example  in 
Figure  13. 
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if^ure  D3.  F'akuoka  (  47807 
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Kwangju  (  471  58).  25  Ilover.bcr  1V82  (1200  GMT) 
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igure  D3.  Kv/angju  (  471  58).  24  ilovun.ber  lVo2  (0000  GMT) 
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COLD  AIR  STRATOCUMULUS 
OUTBREAK  HISTORIES 

Figures  El-Ell  are  histograms  showing  the  daily 
average  cloud  amount  over  the  Yellow  Sea,  as  observed  on 
satellite  imagery,  during  outbreaks  of  cold  air  strato- 
cumulus  for  the  winter  of  1981-1982.  The  cloud  amounts 
are  valid  for  a  3x3  array  of  cells,  each  1°  latitude  by 
1°  longitude,  in  an  area  extending  from  34  to  37°N  and 
from  123  to  126°E. 
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Figure  E4.  10-18  Deconbor  1981. 


18-22  December  1981. 


Figure  E5. 
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Figure  E9.  12-21  January  1982. 
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Figure  Ell.  4-9  February  1982 
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I  DESCRIPTION  OF  COMPUTER 

I  PROGRAM  KORANL 

F.l  An  outline  of  the  information  flow  and  computer  opera¬ 
tions  within  KORANL  (Korean  Analysis) 

Input: 

I.  Valid  times 

II.  Vertical  velocity 

Read ; 

I.  Sea  surface  temperature  (SST)  at  the  point  where 
—  the  air  column  first  moves  over  water. 

II.  Initial  surface  temperature  in  the  air  column. 

III.  Hourly  change  in  SST  along  the  trajectory. 

IV.  Mixing  ratio  corresponding  to  SST  at  the  point 
where  the  air  column  first  moves  over  water. 

V.  Initial  surface  mixing  ratio  in  the  air  column. 

VI.  Hourly  change  in  mixing  ratio  corresponding  to 
the  change  in  SST  along  the  trajectory. 

VII.  Initial  850  mb  temperature  in  the  air  column. 

VIII.  Initial  850  mb  mixing  ratio  in  the  air  column. 

IX.  Initial  850  mb  height. 

X.  Time  that  the  air  column  will  be  over  land 
before  moving  over  water. 

XI.  Total  time  of  travel  from  the  initial  point  to 
the  terminal  point. 

I 

I. 

i 
I 
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XII.  850  mb  geostrophic  wind  speed. 
XIII.  Surface  pressure. 
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Print : 

I.  Valid  times 

II.  Vertical  velocity 

III.  Initial  conditions 

Compute : 

I.  For  an  air  parcel  in  the  mixed  layer  by  time 
increments  of  1  hour: 

A.  Temperature  change  due  to  sensible  heating. 

B.  Change  in  mixing  ratio  due  to  surface  flux 
of  water  vapor. 

C.  Temperature  change  due  to  entrainment. 

D.  Change  in  mixing  ratio  due  to  entrainment. 

E.  Temperature  change  due  to  latent  heating. 

F.  Temperature  change  due  to  solar  heating 
and  longwave  radiative  energy  exchanges. 

G.  Temperature  change  due  to  adiabatic  motion. 

II.  General: 

A.  Amount  of  water  vapor  condensed  in  forming 
or  maintaining  clouds. 

B.  Amount  of  water  precipitated  if  the  850  mb 
relative  humidity  is  greater  than  100". 

C.  Growth  of  the  boundary  layer. 

D.  Change  in  SST. 

E.  Change  in  mixing  ratio  corresponding  to  chancie 
in  SST. 
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III.  New  conditions  in  the  air  column; 

A.  850  mb  temperature. 

B.  850  mb  mixing  ratio. 

C.  Surface  temperature. 

D.  Surface  mixing  ratio. 

E.  Boundary  layer  stability  parameter. 

F.  850  mb  relative  humidity. 

G.  Depth  of  the  boundary  layer. 

Print ; 

I.  For  increments  of  1  hour: 

A.  Temperature  change  due  to  sensible  heating, 

B.  Sea  surface  temperature. 

C.  Surface  air  temperature. 

D.  850  mb  temperature. 

E.  850  mb  relative  humidity. 

F.  Temperature  change  due  to  radiative  cooling 
and  solar  heating. 

G.  Change  in  mixing  ratio  due  to  surface  flux 
of  water  vapor. 

H.  Temperature  change  due  to  latent  heating. 

I.  Boundary  layer  stability  parameter. 

II.  For  final  time  step; 

A.  Change  in  temperature  due  to  entrainment. 

B.  Change  in  mixing  ratio  due  to  entrainment. 

III.  Total  changes: 

A.  Change  in  temperature  due  to  sensible  heating. 

B.  Change  in  temperature  due  to  solar  heating 
and  longwave  radiative  energy  exchanges. 


C.  change  in  temperature  due  to  latent 
heating . 

D.  Change  in  temperature  due  to  entrainment. 

E.  Change  "in  mixing  ratio  due  to  entrainment. 

F.  Total  change  in  mixing  ratio. 

Compute : 

I.  Cloud  amount  from  stability  parameter. 

II.  Expected  error  from  850  mb  relative  humidity. 

III.  Final  cloud  amount. 

Print ; 

I.  Depth  of  the  boundary  layer. 

II.  Snow  amount. 

III.  Cloud  amount. 

F.2  Description  of  parameters  input  to  KORANL 

The  following  data  are  necessary  to  forecast  the 

amount  of  cold  air  stratocumulus  with  the  program  KORANL: 

1.  Line  30  -  Surface  parameters: 

TS  -  Sea  surface  temperature  at  the  point 

where  the  air  column  first  moves  over 
water. 

TA  -  Surface  temperature  in  the  air  column 

at  the  initial  point. 

DTS  —  Hourly  change  in  sea  surface  temperature 
along  the  trajectory  (determined  from 
climatology  and  length  of  time  the  air 
column  is  expected  to  be  over  water). 

QS  -  Mixing  ratio  corresponding  to  the  sea 

surface  temperature  at  the  point  where 
air  column  first  moves  over  water. 

QA  -  Surface  mixing  ratio  at  the  initial  point. 

DQS  --  Hourly  change  in  mixing  ratio  correspond¬ 
ing  to  the  change  in  sea  surface  tempera¬ 
ture  along  the  trajectory. 
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2.  Line  50  -  850  mb  parameters: 

T8  -  850  mb  temperature  at  the  initial  point. 

Q8  850  mb  mixing  ratio  at  the  initial  point. 

Z8  850  mb  height  at  the  initial  point. 

3.  Line  70  -  Other  parameters: 

TO  -  Time  in  hours  that  the  air  column  will  be 

over  land . 

T  -  Total  time  of  travel  from  the  initial  point 

to  the  terminal  point. 

U  -  850  mb  geostrophic  wind  speed  (calculated 

from  the  850  mb  analysis)  . 

P  -  Surface  pressure  at  the  initial  point. 

4.  Vertical  velocity: 

KORANL  prompts  the  user  to  input  the  vertical 
velocity  by  a  printed  message.  If  the  user  does 
not  input  a  vertical  velocity,  the  program  uses 
a  value  of  0.0  cm/s. 

5.  Comments: 

The  forecast  trajectory  of  the  air  column  is 
constructed  from  the  850  mb  analysis.  The  user 
estimates  the  average  850  mb  wind  speed  upstream 
from  the  terminal  point  (36°N,  125°E)  by  calculat¬ 
ing  the  geostrophic  wind  speed  in  natural 
coordinates.  The  trajectory  is  based  on  contin¬ 
uity  of  major  synoptic  features.  It  is  assumed 
that  the  column  of  air  moves  as  a  unit  and  that 
the  speed  of  movement  is  that  of  the  850  mb 
geostrophic  wind. 


F.3  Description  of  output  parameters  from  KORANL 

The  following  parameters  are  included  in  the  printed 
output  from  KORANL: 


TIME  -  Time  since  the  air  column  left  the  initial 

point . 

SH  -  Hourly  temperature  change  due  to  sensible 

heating . 
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TS  -  Sea  surface  temperature. 

TA  -  Surface  temperature  in  the  air  column. 

T8  -  850  mb  temperature  in  the  air  column. 

RT  -  Hourly  temperature  change  due  to  radiative 

energy  exchanges. 

DQ  -  Hourly  change  in  mixing  ratio  in  the  air 

column . 

LH  -  Hourly  temperature  change  due  to  latent 

heating. 

GAMMA  --  Boundary  layer  stability  parameter. 

TE  -  Hourly  change  in  temperature  due  to  entrain¬ 

ment  . 

QE  -  Hourly  change  in  mixing  ratio  due  to 

entrainment. 

SENS.  —  Total  change  in  temperature  due  to  sensible 
heating. 

RAD.  -  Total  change  in  temperature  due  to  radiation. 

LAT.  -  Total  change  in  temperature  due  to  latent 


heating . 

Q.ENT.  -  Total  change  in  mixing  ratio  due  to 
entrainment . 

Q.TOT.  -  Total  change  in  mixing  ratio. 

F.4  Comparison  of  KORANL  results  to  observations 

Besides  the  cloud  forecast  verification,  the  accuracy 
of  KORANL  output  was  checked  against  observations  of  850  mb 
temperature  and  the  boundary  layer  stability  parameter 
(Table  F-1).  The  results  of  this  comparison  show  that  the 
Lagrangian  model’s  error  is  within  a  tolerable  range,  con¬ 
sidering  the  mean  error  in  upper  air  soundings  is  on  the 
order  of  1°C.  The  absolute  error  in  850  mb  temperature  iron 
KORANL  is  1.2'’C  while  the  absolute  error  in  •  is  0.7.  An 


Table  F-1.  Comparison  of  850  mb  temperature  and  boundary  layer  stability 
parameter  predicted  by  KORANL  to  observations  based  on  upper 
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error  of  this  magnitude  gives  an  error  of  about  1.5  in 
cloud  amount. 

F.5  Program  listing  and  sample  output 

KORANL  is  written  in  Extended  Color  Basic  1.0  lan¬ 
guage  for  a  TRS-80  Color  Computer.  This  section  contains 
a  ci~>py  of  the  computer  program. 


in  •K'nPRHL 

20  peM  DftTfl  To.Tfl..DTS,r<S,i,?Z..C'C'3 
30  DRTfl  5. 10?.. 5. 7,. 6,. 043 
40  FEM  DflTfl  T3,Clo..ZS 
50  C'RTR  -12. 5, .5, 1.45 
eO  FEN  DfITfl  T0.T,IJ,P 
70  C'RTR  0<  12<  13.?,  1015 

75  'Pn  RMO  PX  fiPE  THE  PELRTIVE  HEIGHTS  IN  lOTHS  OP  THE  CLERR  RHD  CLOUDY  RC:ER,  P 
SPECTIVELY' 

80  F0=0.3 
90  PX=0.7 

100  PRINT  STRINGTCSZ,"-") 

110  PRIHT"TYFE  1  RHD  HIT  PETUPN  FOP  OUTPUT  IN  SHORT  FOPMRT ;  HIT  RETURN  POP  0U7- 
T  IN  LONG  FORNRT" 

120  PRINT  STRINGS  32, 

130  INFUT"QIJTPUT  OPTION"  iPF 

140  'DRTH  INPUT  LINES  BEGIN  MITH  20 

150  'RTHOSPHERIC  flPFLICRTIONS  —  14  JRN  34' 

1€0  'INCLUDES  OPTIONS  FOR  VERTICAL  MOTION  RND  ENTPflIMMENT 
170  '2-LRYER  LRGRflNGIRN  HOPEL 

180  "NODIFICRTION  OF  CP  RIP  TQ  mp  flip  -  RSIRN  MINTEP  MONSOON 

185  'USES  STRTISTICRL-DYNRHICFiL  METHOD  TO  FOPECflST  COLD  RIP  STRATncuMULUS 

190  DIM  H<:24>,Q<24> 

200  PRINT  STEINGT<32, ) 

210  LINE  INPUT  "VALID' ”.iVTi 

220  PRINT  STRINGff 32, 1 

230  PPINT#-2, TfiBC  13 '/'VALID '  '* ; ’'.'TT 

240  'OPTIONS  FOR  'v'EPTICRL  NOTION  RliD  ENTRAINMENT 

250  LINE  INPUT  "TYPE  YES  AND  HIT  RETURN  IF  YOU  WANT  TO  INPUT  VERTICAL  VELOCIT'''. 

HIT  RETURN  IF  YOU  WANT  'YERTICRL  '■••'ELOCITY  TO  BE  0  CtVS - "iVm 

260  PRINT  STRINGf<;32,"-"> 

270  IF  VMf=''YES"  THEN  290 
230  GOTO  310 

290  INPUT  "VERTICRL  VELOCITY''.: WW 
300  PRINT  STRINGJ<32,"-"> 

310  ENT="YES" 

320  ' INPUT  VfiPIRBLES 

325  'ALL  TEMPEFRTUPFS  ARE  IN  DEGPEES-CELSIUS 

3'^g  ,  jc;=,.-;8f:,  surface  TEMP  AT  FIRST  POINT  OVE®  liATEP 

3^0  'TR=SFC  TEMP  IN  THE  COLUMN 

350  '  DTS=HOURL'i'  CHANGE  IN  SEA  SFC  TEMP 

360  'C!S=MIXING  RATIO  CORRESPONDING  TO  SEA  TEMR 

370  'OR=SFC  MIXING  RATIO  IN  COLUMN 

330  ' DQS=HOUFL'i'  CHANGE  IN  SEA  SFC  MIXING  FATTo 

390  READ  TS,TA. DTP, OS .DOS 

400  READ  T3.08.Z3 

410  'T3=S50M8  temp 

420  'O3=S50MP  MIXING  PATIO 

430  'Z3=S50r'1B  HEIGHT  IN  KM 

440  PERD  TR.T.m.p 

445  •'T0=TTME  rni_ijMn  jc  nVEP  LRND 

450  ••T=TOThL  length  of  TIME 
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460  MJ=M6RH  IHHP  SPEED  OF  THE  FSL  IH  IVS 
465  'P=SFr  PPESSURE  IH  MB 

470  'RSSUME  IJ  IS  RPPPOXIMRTELY  EOURL  S50MB  GEOSTPO-HIC  11 1  HD 
480  FPIHTti-2,TRBf  I3>'‘--IHITIfiL  COHDITIOHS--" 

4?0  FPIm  ra-2,TflB'r  15>''TS  Tfl  DT3  03  OR  DOS  T8  08  ZS 
500  PRIHTS-2..IJ3ING”  4#.#  4.4S4  tt.4  4.4  4.444 

.444  4 a .  4  "  ;  TS  .1 TR ;  DTS ,!  QS  j  OR ;  DOS ;  TS :  08 ;  Z3  ■  U 

510  PRIHT4-2..TRB(:  13>"VEPTICRL  VELOCITY  OF  RIP  RRFCEL  =  "HTJ"  CM/S" 

520  FRIHT4-2 .  TRB<  13  PESULTS— " 

530  'THE  JUMP  IN  MIXING  PHTIO  flND  TEMPEPRTUPE  flCPOSS  THE  IHVEP8I0H'  fi=' 
540  'FO  AND  FT,  RESPECTIVELY 

550  'THE  MODEL  ASSUMES  THAT  FO=0.25  G/KG  AND  FT=1.0  DEG  >' 

560  'DIFFERENT  VALUES  OF  FO  AND  FT  MAY  BE  ENTERED  IF  UFFE='  RIF 
570  'SOUNDINGS  fiPE  AVAILABLE 

5S0  'THE  NEU  VALUES  MAY  BE  ENTERED  BY  CHANGING  FO  AND  FT  IN  THE 
530  'FOLLOWING  STATEMENTS 
600  FO=0.25'OF=A8-0.25 
610  FT=i.0'TF=T3+FT 

620  'COMPUTE  CHANGE  IN  TEMPEPATUPE  AND  MIXING  PATIO 

630  'THE  TENDENCY  EOURTIONS  APE  SOLVED  BY  USING  THE  EULE=’  METHOD 

640  'LINEARITY  IS  ASSUMED 

650  DB=23 

660  FOR  1  =  1  TO  T 

670  IF  I  =<  TO  THEN  770 

6S0  GRMMR=<  TS-TS )yZS 

630  GGSUB  1810 

700  H<  i  ■>=•■  T3-TR  ITUTb,  885E-3/DB 

710  'COMPUTE  THE  CHANGE  IN  SEA  TEMP  FOR  NEXT  TIME  STEP 
720  TS=TS+DT3 

730  Q<  I  ;■=<'  OS-OA  >TUt6. 885E-3/De 

740  'COMPUTE  THE  CHANGE  IN  MIXING  RATIO  COPPESFONDING  TO  SEA  tch 
750  'FOP  NEXT  TIME  STEP 
760  03=0S+D0S 

770  'COMPUTE  saturation  VRPOP  PPESSUPE  FOP.  850MB 
780  ES=6.  llTE:':P<5.4171E+3.t:(  1/273.  15~l/<  T8+273.  15'H'> 

730  'COMPUTE  SATURATION  MI/IING  PATIO  FOR  850MB 
S00  OM8=0.622TES/'r85O-FS') 

810  'COMPUTE  RELATIVE  HUMIDITY  FO?  850MB 

520  F  M=0'.S  40 .  00 1  -'0M8 »:  1 00 

R30  'OOMPUTE  G  OF  WATER  rONDENSED 

840  IF  ENf="YES"  THEM  GOSUB  1630 

850  C1=C1+1 

860  IF  Cl=l  THEN  880 

870  GOTO  810 

880  IF  FH  =  >80  THEN  LO^i'if: 

8^0  GOTO  P60 

^00  IF  Fl=l  THEN  360 

310  IF  PH  <  80  THEN  I070 

320  IF  Fl=l  THEN  360 

330  GOS'-IB  1330 

04(-,  LO=S0n»-OM8 

orr,  Fi  =  i 

?60  GOSUB  1330 
370  GW=n8-L0 
380  LO=08 

520  TF  pH  =  >  100  THEN  1010 
1000  GOTO  1050 
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101  n  PC'=ng-nrifltioo0 
1020  0o=0Mo*1000 
1030  LO=rig 
1040  PH=PlJ+pn 

1050  'COMPUTE  CHPHGE  lU  TEHP  DUE  TO  LATENT  Ht^AT  PELE^i--  Dl'PIUO  rnM'''^HPATir!U 
lOEO  LH=25:00TC;i?CT/<  lOOT.tC'BtlOOO) 

lOro  'COMPUTE  CHANGE  IN  TEMP  DUE  TO  LON'^i-^AVE  PADIATIVE  -NE=’GY 
1030  Eo^OSTO. OOlTS^Q.-g. P22 
1090  EA=si:'At0.001TPfly0.K2i 

1100  IF  RH  =  >  30  AND  PH  <  35  THEN  TE:=T'-:+275. 

1110  IF  RH  =  >  35  AND  PH  <  90  THEN  TE=TP*‘^77.  15 

1120  IF  RH  =  >  90  THEN  Te=T3+279. 15 
1130  IP  RH  <  SO  THPN  PT=-o.  0.375 

1140  IF  RH  <  30  THEN  1130 

1 150  FX*0. 3'. 7E-lOTf  -TB''4*< TS+273. 15  V-'4:»:<  -0.35 ',+<  TR+273.  1 5  ■)''4  ' 

1 1  SO  PX=FX1:4 .  1  SSE-^4  <  1 .  Fi03E+3  yK.<  1 .  n-i-O.  .-;4 '.i dp T 1  Oi." ri  "> 

1170  RT=RX*PX-POTO. 05+0. 0125 
1130  IF  VMf="NO'‘  THEN  1250 

1190  'COMPUTE  CHANGE  IN  TEMP  DUE  TO  VERTIcnL  MriTTOM 
1200  'CHANGE  13  FOR  PARCEL  WHICH  WILL  EE  AT  S5r.DP  AT  ETP 
1210  D2=TA-T3 
1220  LAP3E=D2y<23»1000> 

1230  DLT=UU436*< .01-LAP3E> 

1240  'COMPUTE  CHANGE  IN  TEMP 

1250  TS^TS+H--  I  :<+LH+RT-E'LT+TE 

12S0  TA=TA+H< I  )+LH+RT-DLT+TE 

1270  GOSUB  2010 

1280  'COMPUTE  LAPSE  PATE 

1 290  GAMM A=''  TS-TS  )/23 

1300  'COMPUTE  CHANGE  IN  MIXING  PATIO 

1310  ns=o3+o< T >+QE 

1320  OA=OA*Q'l  I  )+0E 

1330  IF  PF=1  THEN  13S0 

1340  IP  1  =  1  THE.J  1330 

1350  IF  1  1  THEN  1390 

1350  IF  I=T  THEM  1330 

1370  GOTO  1500 

1330  >PlNTfi-2, TPS'- 13  VTIME  3H  TS  TA  T3  PT  PH  C'O  LH  GA'-'t'o 
1390  7PlNTa-2UJ3IMG"  «.«*  «(*«.«  “as  4  ya  ay  aaa  a  a 

aaa  ttU.yy  .!  I  ;H'' I  :.;TS,.TA,;T3.^pT;RH.^CK  I  .'■;LH:GAMMA 
1400  IF  I=T  THEM  1420 
1410  GOTO  1500 

1420  FPINTS-2,  TAP' 15 ''"TE  OE" 

1430  PPINT4-2 JJ3ING"  US. aaa  aa. yaa" ; tf ; op 

1440  FFlNTa-2,,  TAP'- 13>"3.EN3.  RAD.  LAT.  T.ENtT  O.E'^T.  n.TDT." 

1450  PPIMTa-2,iJ2i(iG"  SSS.a  SPu.a  aaa. a  aa.aaa  ay  ays  yy  aa..  .u 

TR;HL:ET.En,;CD  •  •  .h 

1430  PPINT«-2-"  RIP  COLUHN  WA3  OVER  IIATEp  "t-ta"  Amipg" 

1470  PPINTa-2.ij3THG"  DEPTH  OF  PEL  =  a.aSS 

1430  FPTMTS-2UJ3INfi  ’  PPECIP  HATFp  =  aa.a  ccaMC'-iPH 

1490  PPlNTa-2.-U3lNG"  3NnwPALL  =  sss.a  rrr'.FUilo 

1500  NEXT  I 

1510  'F0FECR3T  CLOUD  amount 

1520  •■PEGPE3';.ICN  E0UATI0U3  pop  n  Fpnt-i  13RMMR  AND  PTEFUl'E  PED'irTlOH  paf  ph 
1530  HG='' gamma-7.  907  I/.  4A33 
1540  NP=''  PH-73.  394  >,'3.  104 
1550  IF  NG  ■:  0  THEN  NG=0 
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15?0  IF  HG  ■>  ?  THEM  MG='5 

1570  M=NG+MR 

15:'U  IF  M  >  3  THEM  H=? 

15?0  IF  H  <  0  THEM  M=0 

1600  FPINT»-2,.LISIMG"  rLOllt)  RfinilHT  = 

1610  FI?IMT#-2^PRIMT»-2 
1620  END 

1630  'SUBRniJTIHE  —  EHTPfllt.-MEHT 
16-10  IF  GflHMfi  =  <  5  THEM  1660 
1650  GOTO  1620 

1660  IF  RH  =  >  30  THEM  IIE=0.3 
1670  IF  RH  <  30  THEM  HE=0. 1 
1630  GOTO  1760 

1690  IF  GRMMfl  >  9  RMD  GRMMfl  <  =  11  THEM  1710 
1700  GOTO  1740 

1710  IF  RH  =  >  80  THEM  IJE=2.0 
1720  IF  RH  <  30  THEM  WE=1.0 
1730  GOTO  1760 

1740  IF  RH  =  >  30  THEM  l!E=4.0 
1750  IF  PH  <  30  THEM  WE=2.0 
1760  QJ=OF-ng 

1770  QE=WETOJ:t:3600.^<  DE4:lE+5.  > 

1780  T.J=0.5 

1790  TE=WE:l:T.Jt3600/<  DETIE+S  ) 

1800  RETUPM 

1310  "SUBROUTINE  —  GROWTH  OF  THE  BOUMORPY  LRYE!:  ' 

1320  IF  GRMMR  >  3  RMD  GRMMR  <  =  ?  THEM  1840 
1830  GOTO  1860 
1840  2G=0.O05 
1350  GOTO  1?!0 

1360  IF  GRMMR  >  3  RMD  GRNMR  <=10  THEM  1830 
1870  GOTO  1900 
1330  2G=0.0075 
1390  GOTO  1910 

1900  IF  GRMMR  >  13  THEM  20=0.010 
1910  DE=OB+ZG 
1920  PETUPM 

1930  'SUBROUTINE  —  CLOUD  LRYER  THICKNESS' 

1940  IF  PH  =  >  30  RMD  RH  ""  35  THEM  CT=::04.8 

1950  IP'  RH  =  >  35  RMD  RH  <  90  THEM  CT=609.6 

196R  IF  PH  =  >  90  RMD  RH  lOO  THEM  CT=914,4 

1970  IF  RH  =  >  100  THEM  1990 

1930  RETURN 

IQon  CT=CT+2G 

2000  RETURN 

2010 ‘'SUBROUTINE  —  TOTAL  HEflTIMG  RMD  MOISTURE  CHPliGE 
2020  TR=TR+RT 
2030  HS=H8-i-H''  I  > 

2040  HL='-iL-''LM 
2050  0D=0D+0'  I  > 

2060  ET=ET+TE 
2070  En=EO+R'E 
20SO  RETURN 
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F.6  Sensitivity  of  numerical  results  to  approximations 
and  assumptions 

For  most  processes,  the  model  contains  assumptions 
or  approximations  supported  by  available  data,  theory,  and/ 
or  the  results  of  other  studies.  Due  to  the  effects  scale, 
some  of  these  processes  are  less  significant  than  others. 
Although  some  processes  cause  relatively  small  changes  in 
the  boundary  layer  compared  to  the  surface  fluxes,  it  is 
felt  that  even  a  crude  approximation  for  these  is  better 
than  neglecting  them  completely.  This  section  contains  the 
results  of  sensitivity  testing  of  the  numerical  results  to 
the  approximations  regarding  cloud  layer  thickness,  boundary 
layer  growth,  entrainment  rate,  solar  heating,  radiative 
cooling,  and  vertical  velocity.  It  is  found  that  the  850 
mb  relative  humidity  is  highly  sensitive  to  the  entrainment 
rate  and  that  the  850  mb  temperature  is  highly  sensitive  to 
vertical  velocity.  Otherwise,  the  impact  on  the  numerical 
results  is  small. 

F.6.1  Cloud  layer  thickness 

The  model  approximates  cloud  layer  thickness  from 
the  850  mb  relative  humidity.  The  thickness  of  the  layer 
increases  as  the  relative  humidity  increases.  Additional 
growth  of  the  layer  occurs  if  there  is  precipitation.  The 
values  used  in  the  model  are: 


a. 

300 

m  if 

SO?,  <  RH  < 

85?, 

b . 

600 

m  if 

85"o  <  RH  < 

90? 

c.  900  m  if 


Rfl  ■  90", 
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d.  If  RH  ^  100%  the  cloud  layer  thickness  increases 
at  the  same  rate  as  that  of  the  height  of  the 
boundary  layer. 

The  sensitivity  of  the  numerical  results  is  tested 
by  varying  the  model  values.  Cases  are  presented  in  which 
the  thickness  is  uniformly  increased  and  decreased  by  200  m. 
Another  case  assuming  a  thickness  of  1200  m  for  all  RH 
80%  is  included.  These  changes  produce  relatively  small 
variations  in  the  850  mb  temperature  (.1  -  .4°C)  and  in 
relative  humidity  (1.2  -  2.3%). 
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SENSITIVITY  TESTING  -  CLOLIC-  LRYER  THICKNESS 
THIS  CnSE  USES  THE  SfiME  VALUES  AS  IN 
MODEL  VERIFICATION 


VALID!  6FEB32/12Z  TO  ZFEB-'OOZ 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  QA  DOS  TS  03  ZS  U 

3.2  -9.0  0.333  4.7  0.7  O.  125  -13. 0  Q. S  1 . 430  3.3 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM/3 
—RESULTS— 


TIME 

SH 

TS 

TA  T8  RT 

RH 

DO 

LH 

GAMMA 

1 

0.50 

3.5 

-3.5  -17.5  -0.04 

54.3 

0.  16 

0.  000 

14.22 

2 

0.49 

3.9 

— y.0  —17.0  —0.04 

65.3 

0.16 

0.  000 

14. 12 

3 

0.49 

4.2 

-7.6  -16.6  -0.04 

74.7 

0. 16 

0.  00|."1 

14.03 

4 

0  •  4y 

4.5 

-7. 1  -16. 1  -0. 10 

82.7 

0. 16 

0.017 

13.95 

5 

0.43 

4.9 

-6.6  -15.6  -0.11 

87,  1 

0. 16 

0 . 093 

13.83 

6 

0.47 

5.2 

-6.1  -15.1  -0.13 

90.0 

0.  16 

0.  134 

13.70 

7 

0.  46 

5.  5 

-5.6  -14,6  -0.13 

92.0 

0.  17 

0.  123 

13.59 

o 

0.45 

5.9 

-5.1  -14.1  -0.13 

93.  :3 

0.  17 

0.114 

13.48 

g 

0.45 

6.2 

-4.6  -13.6  -0.13 

94.3 

0.  17 

0.  106 

13.39 

10 

0.44 

6.  5 

-4.2  -13.2  -0.13 

94.3 

0.  17 

0 . 099 

13.31 

11 

0.44 

6.9 

-3.7  -12.7  -0.13 

95.  1 

0.  13 

0.094 

13.23 

12 

0.43 

•m  «*■, 

r  •  (m. 

-3.3  -12.3  -0.14 

95.2 

0.  18 

0.039 

13. 16 

TE 

OE 

0.049  -0.1 

24 

SENS 

RAD 

. 

-AT.  T.ENT.  Q.ENT.  0. 

TOT. 

5.S 

-1.3 

3.9  0.511  -0.9: 

34  2. 

01 

AIR 

COLUMN 

MAS 

OVER  MATER  12  HOURS 

DEPTH  OF  PBL  -  1.480  KM 
PRECIP  MATER  =  0.0  GRAMS 

SNOMFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 
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SENSITIVITY  TESTING  -  CLOUD  LRYER  THICKNESS 
THIS  CRSES  SUBTRRCTS  200  M  FROM  THE  VRLUFS  USED 
IN  MODEL  VER IF I CRT I ON 


VRLID^  6FEB82/122  TO  TFEB/QOZ 
—  I N I T I RL  COND I T 1 0N3— 

TO  TO  r.To  rio-  i-i.-j 


TS 

TA 

DT 

QS  QA  DOS 

T: 

Qf 

5  23 

IJ 

o  o  -.-a  R  R 

vertical’ VELOCITY 
—RESULTS— 

33  4.7  0.7  0. 1 

'  OF  AIR  PARCEL  = 

25  -13.0 
0  CM/S 

0. 

,6  1.4£ 

.'0  3.3 

TIME 

SH 

TS 

Tfl 

T3  RT 

RH 

DQ 

LH 

GAMMA 

1 

0.50 

3.5 

-8.  5 

-17.5  -0.04 

54.3 

0. 

16 

0.000 

14.22 

0.49 

3.9 

-8.0 

-17.0  -0.04 

65.3 

0. 

16 

0.  000 

14.  12 

•_» 

0.49 

4.2 

-7.6 

-16.6  -0.04 

74.7 

0. 

16 

0.000 

14.  03 

4 

0.48 

4.5 

-7. 1 

-16. 1  -0. 10 

,  «•, 

04l.  f 

0. 

1 6 

0. 006 

13.96 

5 

0.48 

4.9 

-6.6 

-15.6  -0. 11 

87 .  d 

0. 

16 

0 ,  OFF, 

13.86 

K 

0.47 

5.2 

—6.  2 

-15.2  -0. 13 

90.  3 

0. 

16 

0.105 

13.75 

0.46 

5.5 

-5.7 

-14.7  -0.13 

92.  5 

0. 

17 

0.  096 

13.65 

0.46 

5.9 

-5. 2 

-14.2  -0.13 

94.  1 

0. 

17 

0.039 

13.56 

9 

0.45 

6.2 

-4.3 

-13.8  -0.13 

95.2 

0. 

17 

0.033 

13.48 

10 

0.45 

6.5 

-4.3 

-13.3  -0.13 

95.9 

0. 

17 

0.078 

13.41 

11 

0.44 

6.  9 

-3.9 

-12.9  -0.13 

96.3 

0. 

13 

0.073 

13.34 

12 

0.44 

7.2 

-3. 5 

-12.5  -0.14 

96.4 

0. 

13 

0 . 069 

13.28 

TE  QE 
0.049  -0.124 

SENS.  RRD.  LRT.  T.ENT.  Q.EHT.  Q.TOT. 

5.6  -1.3  0.7  0.511  -0,934  2.01 

RIR  COLUMN  NRS  OVER  WRTER  12  HOURS 
DEPTH  OF  PBL  =  1.480  KM 
PRECIP  WATER  =  0.0  GRRMS 

SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 


SENSITIVITY  TESTING  -  CLOUD  LRYEP  THICKNESS 

THIS  CRSE  RODS  200  H  TO  THE  VALUES  USED  IN  VERIFICATION 


VALID'.  6FEB82.^12Z  TO  7FEB/00Z 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  0S  GR  DOS  TS  03  ZS  U 

.3.2  -3.0  0.3-33  4.7  0.7  0.  125  -l-S.  0  0. 6  1 . 480  S'.  8 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM.''3 

—RESULTS— 


TIME 

SH 

TS 

TA  T3 

RT 

RH 

DO 

LH 

GAMMA 

1 

0.50 

3.5 

-8.5  -17.5 

-0.  04 

54.3 

0. 

16 

0.  000 

14.22 

2 

0.43 

3.9 

-8.0  -17.0 

-0.  04 

65.3 

0. 

16 

0.000 

14. 12 

3 

0.49 

4.2 

—7.6  —16.6 

-0.04 

74,7 

0. 

16 

0 , 000 

14.03 

4 

0.48 

4.5 

-7.1  -16.1 

-0.  10 

OO 

OCm  m  1 

0. 

16 

0.028 

13.94 

5 

0.43 

4.9 

—6.6  —15.6 

-0.  1 1 

87.0 

0. 

16 

0.  130 

13.30 

s 

0.47 

5.2 

-6.0  -15.0 

-0.  12 

33.  7 

0. 

16 

0.113 

13.68 

( 

0.46 

5.5 

-5.5  -14.5 

-0.  13 

91.7 

0. 

17 

0. 150 

13.54 

3 

0.45 

5.9 

-5.0  -14.0 

-0.  13 

92.3 

0. 

17 

0.  139 

13.43 

o 

0.44 

6.2 

-4.5  -13.5 

-0.  13 

33.  6 

0. 

17 

0.  130 

13.32 

10 

0.44 

6.5 

-4.0  -13.0 

-0.  13 

94.0 

0. 

17 

0. 121 

13.22 

11 

0.43 

6.9 

-3.6  -12.6 

-0.  14 

34.2 

0. 

13 

0.114 

13.  14 

12 

0.43 

7.2 

-3.1  -12.1 

-0.  14 

94.  1 

0. 

18 

0.  103 

13.06 

TE  OE 
0.043  -0.124 

SENS.  RAD.  LAT.  T.ENT.  Q.ENT.  Q.TOT. 

5.6  -1.2  1.0  0.511  -0.334  2.01 

AIR  COLUMN  WAS  OVER  WATER  12  HOURS 
DEPTH  OF  PEL  =  1.4S0  KM 
PRECIP  WATER  =  0.0  GRAMS 

SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  '3.0 
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SENSITIVITY  TESTING  -  CLOUD  LfHYER  THICIIIESS 
THIS  CRSE  flSSUriES  R  CLOUD  THICKNESS  OF  1200  M 


VRLID:  SFEESS/ISZ  TO  7FEE^"00Z 
—  I N I T I RL  COND I T I  OUS¬ 
TS  TR  DTS  QS  Qfl  DQ3  TS  03  Z3  U 

3.2  “9.0  0.332!  4.7  0.7  0.125  “13.0  0.6  1.430  3.3 

VERTICRL  VELOCITY  OF  flIR  PRRCEL  =  O  CM/S 
““RESIJLTS““ 


TIME 

SH 

TS 

TR  T3  RT 

RH 

DQ 

LH 

GRMMR 

1 

0.50 

3.5 

-3.5  “17.5  “0.04 

54.3 

0. 

1 6 

0 . 000 

14.22 

2 

0.49 

3.9 

-3.0  “17.0  -0.04 

65.3 

0. 

16 

0.000 

14.  12 

O 

0.49 

4.2 

“7.6  “16.6  —0.04 

r’  4 .  i'' 

0. 

16 

0 . 000 

14.03 

4 

0.43 

4.5 

“7. 1  “16. 1  “0. 10 

82 . 7 

0. 

16 

0.063 

13.92 

5 

0.47 

4.9 

“6.5  “15.5  -0.11 

36.7 

0. 

16 

0. 192 

13.73 

s 

0.  46 

5.2 

-5.9  “14.9  “0.12 

39.  0 

0. 

16 

0.  176 

13.57 

r 

0.45 

5.5 

-5.4  -14.4  “0.13 

90.5 

0. 

17 

0. 162 

13.44 

8 

0.45 

5.9 

“4.3  “13.3  “0.13 

91.7 

0. 

17 

0.  150 

13.32 

9 

0.44 

6.2 

“4.4  “13-4  -0.  13 

92.4 

0. 

17 

0.  140 

13.21 

10 

0.43 

6.5 

“3.9  -12.9  -0.13 

92.  3 

0. 

17 

0.  13L 

13.11 

11 

0.43 

6.9 

“3.4  -12.4  -0.14 

92.9 

0. 

13 

0.  123 

13.02 

12 

0.42 

7 . 2 

-3.0  -12.0  -0.14 

92.9 

0. 

1 3 

0.  116 

12.95 

TE  QE 
0.049  “0.124 

SENS.  RRD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

3.5  -1.2  1.3  0.511  -0.934  2.01 

RIR  COLUriN  HRS  OVER  WRTER  12  HOURS 
DEPTH  OF  PBL  “  1.480  KM 
PRECIP  NRTER  =  0.0  GRRMS 

SNOUFRLL  =  0.0  CM 

CLOUD  RMOUNT  =9.0 
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F.6.2  Sensitivity  of  numerical  results  to  growth  rate 
of  the  boundary  layer 

The  model  approximates  the  growth  rate  of  the  boundary 
layer  from  y.  The  growth  rate  increases  as  y  increases. 

These  rates  are  obtained  from  upper  air  soundings.  The 
values  used  in  the  model  are: 


a. 

5  m/hr  if 

8°C/km  <  y  < 

9°C/km 

b. 

7.5  m/hr  if 

9 “C/km  <  y  < 

10°C/km 

c  • 

10  m/hr  if 

y  >  10°C/km 

Although 

actual  growth 

rates  may  be  as 

large  . 

the  sensitivity  of  the  numerical  results  to  a  rate  of  this 
magnitude  is  fairly  small  (.7°C  variation  in  850  mb  tem¬ 
perature  and  .5  change  in  relative  humidity). 


SENSITIVITY  TESTING  -  GROWTH  OF  THE  BO!J[^^;.FlRY  LAYER 
THIS  CASE  RSSLiriES  A  GROWTH  RATE  OF  0  M  ’ HR 


VALID  =  6FEBS2/12Z  TO  FFEB.-OOZ 
"  I N I T I AL  COND I T I  Of-IS— 

TS  TR  DTS  QS  QH  DOS  T3  QS  ZS  U 
3.2  -9.0  0.333  4.7  0.7  0.125  -13.0  0.6  1.430  3.3 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM/S 
—RESULTS— 


TIME 

SH 

TS 

TA  TS  RT 

RH 

DO 

LH 

GAMMA 

1 

0.50 

O  c; 

-9.5  -17.5  -0.04 

54.3 

0.  16 

0 . 000 

14.22 

Im 

0.49 

3.9 

-8.0  -17.0  -0.04 

65.3 

0.  16 

0 . 000 

14.  12 

o 

0.49 

4.2 

—7 .6  -16.6  -0 . 04 

74-7 

0.  16 

0.000 

14.03 

4 

0.43 

4.5 

-7.1  -16.1  -0.10 

y2  B  7 

0.  16 

0.  017 

13.95 

5 

0.48 

4.9 

-6.6  -15.6  -0.11 

37.  1 

0. 16 

0.  093 

13.33 

6 

0.47 

Cj 

-6.1  -15.1  -0.13 

90.  0 

0. 16 

0.  134 

13.70 

l’’ 

0.  46 

1?  cr 
•J  •  •  J 

-5.6  -14.6  -0.13 

92.0 

0.  17 

0.  123 

13.59 

o 

0.45 

5.9 

-5.1  -14.1  -0.13 

O;.;  ^  flj 

0.  17 

0.114 

13.48 

S 

0 , 45 

6. 2 

-4.6  —13.6  -0.13 

94.3 

0.  17 

0  .  1  06 

13.39 

10 

0.44 

6.5 

-4.2  -13.2  -0.13 

94.3 

0.  17 

0.  099 

13.31 

11 

0.44 

6.  9 

-3.7  -12.7  -0.13 

95.  1 

0.  13 

0.  094 

13.23 

12 

0.43 

.'•f 

-3.3  -12.3  -0.14 

95.2 

0.  18 

0 . 039 

13.16 

TE  QE 
0.049  -0.124 

SENS.  RAD.  LAT.  T.EHT.  Q.ENT.  Q.TOT. 

5.6  -1.3  0.9  0.511  -0.934  2.01 

AIR  COLUMN  IJAS  OVER  I'-iATER  12  HOURS 
DEPTH  OF  PBL  =  1.480  KM 
PRECIP  WATER  =  0.0  GRAMS 

SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  9.0 


I. 


SENSITIVITY  TESTING  -  GROWTH  OF  THE  BOUHDFiRV  LRVER 
THIS  CfiSE  FlSSUHES  fl  GROWTH  RATE  OF  19  M.-HR 


VALID  =  6FEB32/12Z  TO  7FEB.'O02 
—  I N I T I  flL  COND I T I ONS— 

TS  TR  DTS  QS  QA  DOS 

3.2  -9.0  0.333  4.7  0.7  0.125  - 

VERTICAL  VELOCITY  OF  AIR  PRRCEL  =  0 

—RESULTS" 


T8 

13 

CM 


Q3  23 
.  0  0.6  1.4 


i-iy 


IJ 

3.3 


I  ME 

SH 

TS 

TH  T8 

RT 

RH 

DO 

LH 

GAMMA 

1 

0.50 

3.5 

-8.5  -17.5 

-0.04 

54. 

0.  16 

0 . 000 

14.22 

0.49 

3.9 

-8.0  -17.0 

-0.04 

65. 

2 

0. 16 

0.  000 

14.  13 

o 

0.48 

4.2 

—7.6  —16.6 

-0.04 

74. 

5 

0.  16 

0.  000 

14.04 

4 

0.  47 

4.5 

-7.1  -16.1 

-0.  10 

82. 

4 

0.  16 

0.015 

13.97 

s 

0.46 

4.9 

-6.7  -15.7 

-0.  11 

86. 

i“i 

0.  16 

0.  093 

13.36 

0.45 

5.2 

-6.2  -15.2 

-0.11 

89. 

»■’ 

0.  16 

0 . 084 

13.77 

(' 

0 . 44 

5.5 

-5.7  -14.7 

-0.  12 

91. 

3 

0,  16 

0.115 

13.67 

O 

o 

0.44 

5.9 

-5.2  -14.2 

-0.  12 

93. 

4 

0.  16 

0.  106 

13.53 

9 

0.43 

6.2 

-4,8  -13.8 

-0.  13 

94. 

4 

0.  16 

0.098 

13.51 

10 

0.42 

6.  5 

-4.4  -13.4 

-0.  13 

95. 

1 

0.  16 

0.091 

13.44 

11 

0.41 

6.  9 

-3.9  -12.9 

-0. 13 

95. 

5 

0.  16 

0.035 

13.33 

12 

0.41 

7.2 

-3.5  -12.5 

-0.  13 

95. 

7 

0. 17 

0. 030 

13.33 

TE 

QE 

0.045  -0. 

112 

:ENS 

RRD. 

LRT.  T.ENT. 

Q.ENT. 

Q. 

TOT, 

3.4 

-1.2 

0,8  0.483 

—0. 87” 

> 

1. 

93 

HR 

COLUMN 

WAS 

OVER  WATER  1 

2  HGUF 

>C' 

DEPTH  OF  PBL  =  1.600  KM 
PRECIP  WATER  =  O.O  GRAMS 
SNOWFALL  s  0.0  CM 
CLOUD  AMOUNT  =  9.0 


k 


J 
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SEHSITIVITV  TESTING  -  GROWTH  OF  THE  BOUl  IQRRV  LRYER 
THIS  CR3E  ASSUMES  A  GROWTH  RATE  OF  50  M.-HR 


VALID  ^  6FEB32/12Z  TO  FFEB^'OOZ 
—  INITIAL  CONDITIONS-- 

TS  TA  DTS  Q3  G!A  DOS  T3  Q3  Z3  IJ 


3. 2 

-9.0 

0.333  4.7  0. 

VERT  I 

CAL  VELOCITY 

OF  AIR  PAP 

—RES 

IJLTS— 

TIME 

SH 

TS 

TA  T8 

1 

0.  48 

’  *I  S 

-8.5  -17.5 

2 

0.46 

3«  3 

-8.1  -17.1 

0.44 

4.2 

-7.7  -16.7 

4 

0.43 

4.5 

-7 .3;  -16.3 

5 

0.  41 

4.9 

-6.8  -15.8 

fS 

0.40 

5.  2 

-6.4  -15.4 

l’’ 

0.38 

5.5 

-6.0  -15.0 

15 

0.37 

5.9 

-5.6  -14.6 

3 

0.36 

6.2 

-5.3  -14.3 

10 

0.35 

6.5 

-4.9  -13.9 

11 

0.34 

6.9 

—4.6  — 1'3.6 

12 

0.33 

r'  a  2 

-4.2  —13.2 

TE 

QE 

0.  0S 

5  -0.0S 

•2 

SENS. 

RAD. 

LRT.  T.EHT. 

4.8 

-1.0 

0. 

6  0.415 

RIP.  C 

OLUMN  WAS  Q\ 

ER  WATER  1 

DEPTH 

OF  PBL  a  2. 

080  KM 

PRECIF  WATEF 

a  G 

.0  GRAMS 

SNOWFALL  = 

0.0 

CM 

CLOUD  AMOUNT  =  9. 

0 

7  ei.l25  -18.0  0.8  1.480  8.8 

CEL  =  0  CM.-S 


RT 

RH 

DQ 

LH 

GAMMA 

-0.04 

54.3 

0. 16 

0 . 000 

14.23 

-0.04 

65.  0 

0.  15 

0 . 000 

14.  15 

-0.04 

73.9 

0.  15 

0. 0GiGi 

14.09 

-0.  09 

81.3 

0.  14 

0.007 

14.05 

-0.  10 

85.  6 

0.14 

0,  076 

13.93 

-0.  10 

88.  5 

0.  14 

0.067 

13.93 

-0.11 

90.8 

0.  14 

0.089 

13.88 

-0.  10 

92.5 

0.  13 

Q.  080 

13.85 

-0.  10 

93.8 

0.  13 

0.  072 

13.32 

-0.  10 

94.9 

0.  13 

0.  065 

13.81 

-0.  10 

95.6 

0.  13 

0.  060 

13.81 

-0.  10 

96.2 

0.  13 

0.055 

13.81 

Q.ENT.  Q.TOT. 
—0.697  1 . b7 

2  HOURS 


CO  Ol?  CO  CO  CO  '•D  W  TO 

1-^  f  o  CO  CO  CO  cn  '  o  cn  co 


F.6.3  Entrainment  rate 


The  model  approximates  entrainment  rate  from  ,  and 
RH  as  shown  in  Figure  8.  The  rates  vary  from  0.2  to  4.0 
cm/s.  These  values  are  comparable  to  those  presented  by 
Deardorff  (1976) .  The  sensitivity  of  the  numerical  results 
is  tested  by  uniformly  doubling  the  model  rates.  It  is 
found  that  the  850  mb  relative  humidity  is  highly  sensitive 
to  entrainm.ent  rate  (reduced  from  95.2%  to  77.6%).  The 
change  in  850  mb  temperature  is  just  .1°C.  It  is  important 
to  note  that  the  values  used  in  the  model  produce  point 
forecasts  of  clouds  that  agree  well  with  the  satellite 
imagery. 


171 


SENSITIVITY  TESTING  -  ENTRRIWMENT  RRTE 

THIS  Cfi.SE  HFlS  THE  SAME  RATES  USED  IN  VERIFICATION 


VALID  ^  6FEB82/12Z  TO  7FEB^-002 
—  INITIAL  CONDITIONS— 


TS 

TA 

DT 

Q3 

QA 

DOS 

TS 

OS 

2S 

1 1 

’Z*  k  1 

2  -9.0 

0.3 

4.7 

0. 

7 

0.  1 

25  - 

IS 

:.0 

0. 

6 

1.4f 

50  8.1 

VERTICAL  VELOCITY 

OF 

AIR  1 

='RR 

CEL 

= 

0 

CM 

I.--S 

—RE: 

BULTS— 

TIME 

SH 

TS 

TH 

T: 

r» 

1^ 

RT 

RH 

D 

r.! 

LH 

GAMMA 

1 

0.50 

3.5 

-8. 

5 

-17 

5 

-0. 

04 

54. 

•Z* 

0. 

16 

0. 

000 

14.2: 

0.49 

3. 9 

-S. 

0 

-17 

0 

-0. 

04 

65. 

•“t 

0. 

16 

0. 

000 

14.  1 

0.49 

4!2 

—  r' . 

E 

-16 

-0. 

04 

74. 

7 

0. 

16 

0. 

000 

14.0 

4 

0.  48 

4.5 

—7. 

1 

-16 

i 

-0. 

10 

82. 

0. 

16 

0. 

017 

13.9 

5 

0.  48 

4.9 

-6. 

6 

-15 

i5 

-0. 

11 

87. 

i. 

0. 

16 

0. 

098 

13.8 

E. 

0.47 

5.2 

-6. 

1 

-15 

i 

-0. 

13 

90. 

0 

0. 

16 

0. 

134 

13.7 

r 

0.4S 

5.5 

-5. 

6 

-14 

E 

-0. 

13 

92. 

0 

0. 

17 

0. 

1  **''*^' 

13.5 

8 

0.45 

5.9 

-5. 

1 

-14 

1 

-0. 

13 

93'. 

I* 

0. 

17 

0. 

114 

13.4 

*11 

0.45 

6.2 

-4. 

6 

-13 

-0. 

13 

94. 

0. 

17 

0. 

106 

13.3 

10 

0.44 

6.5 

-4. 

cl 

-13 

-0. 

13 

94. 

C» 

0. 

17 

0. 

099 

13.3 

11 

0.44 

6.9 

-3. 

*7 

1 

-12 

7 

-0. 

13 

95. 

i 

0. 

13 

0. 

094 

13.2 

12 

0.4:?. 

7.2 

“3. 

O 

-12 

-0. 

14 

95. 

cl 

0. 

IS 

0. 

089 

13.  1 

TE 

QE 

0.049  -0.1 

24 

SENS 

RAD 

LAT. 

T.EHT. 

LENT. 

Q. 

TO 

IT. 

5.  S 

-1.3 

0. 

9 

0,5 

11 

-0 

1 . 93 

4 

•^1 

fZ.  • 

01 

AIR 

COLUMN 

MRS  OV 

'ER 

NATER 

1 

2 

HOU 

RS 

DEPTH  OF  PEL  =  1. 

480  \ 

(M 

PREC 

IP  HATE 

R  -  0 

1.0 

GRAMS 

snon 

FALL  = 

0.0 

CM 

CLOUD  AMOUNT  =  3. 

0 

OJ  C'J  C‘ .1  1)“'  f 0  O  0 1  CO  <7 1  v-i  CO  'vL‘ 


A0-AI41  540  A  STAT I  ST ICAL-DYNAMICAL  MODEL  FOR  FORECASTING  COLD  AIR 
STRATOCUMULUS  OVER  THE  YELLOW  SEA(U)  AIR  EORCE  INST  OF 
TECH  WRIGHT-PATTERSON  AFB  OH  H  I  MASSIE  MAY  84 
UNCLASSIFIED  AF  I  T/C I /NR  -  84- 1 2T  F/G  4/2 


Microcopy  RtsoLUTioN  test  chart 

NAIIONAl  BUREAU  Of  StANDARCS- I963.A 
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SEHSITIVITV  TEST  -  EWTEfilNflENT  RATE 

THIS  CASE  ASSUMES  ALL  RATES  ARE  DOUBLE  THE  VALUES 

USED  IH  THE  MODEL  VERIFICATION 


VALID'  6FEB82/12Z  TO  7FEB/A02 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  QR  DOS  TS  08  ZS  U 
3.2  -9.0  0.333  4.7  0.7  0.125  -IS.O  0.6  1.480  8.S 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM.^'S 


—RE! 

SIJLTS— 

TIME 

SH 

TC 

1  o 

TA  T8 

1 

0.50 

O  c; 

-8.5  -17.5 

2 

0.49 

3.9 

-8.0  -17.0 

3 

0.49 

4.2 

-7.5  -16.5 

4 

0.48 

4.5 

-7.0  -16.0 

5 

0.47 

4.9 

-6.5  -15.5 

£ 

0.47 

5.2 

-6.0  -15.8 

7 

0.46 

5.5 

-5.6  -14.6 

o 

0.45 

5.9 

-5.0  -14.0 

3 

0.45 

6.2 

-4.6  -13.6 

10 

0.44 

6.5 

-4.2  -13.2 

11 

0.44 

6.9 

-3.7  -12.7 

12 

0.43 

7.2 

-3.2  -12.2 

TE 

QE 

0.049  -0.095 


SENS.  RAD.  LAT.  T.ENT. 

5.6  ~0 . S  0.2  0 . 827 

AIR  COLUMN  WAS  OVER  WATER  1 

DEPTH  OF  PBL  =  1.480  KM 

PRECIP  WATER  =  0.0  GRAMS 

SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =8.8 


RT 

RH 

DO 

LH 

GAMMA 

-0.04 

54.3 

0.  16 

0.  000 

14.20 

-0.04 

64. 1 

0. 16 

0.000 

14.09 

-0.04 

71.9 

0. 16 

0.  000 

13.98 

-0.04 

r'  8 «  0 

0.  16 

0.  000 

13.87 

-0.  10 

82 .  y 

0.  16 

0.019 

13.77 

-0.  10 

81.2 

0. 17 

0.011 

13.67 

-0.04 

79.7 

0. 17 

0.011 

13.57 

-0.  10 

ys .  S' 

0. 17 

0.061 

13.45 

-0.  10 

80.2 

0. 13 

0.002 

13.38 

-0.  04 

78.0 

0.  18 

0.002 

13.30 

-0.11 

81.1 

0. 18 

0.054 

13.20 

-0.04 

77.  6 

0.  19 

0.054 

13.09 

O.EHT.  O.TOT. 
-1.250  2.07 

2  HOURS 
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F.6.4  Solar  heating 

The  model  assumes  uniform  heating  of  0.3°C  per  day 
due  to  the  absorption  of  solar  radiation.  This  value  is 
based  on  Charney  (1945)  who  gives  an  upper  limit  of  0.6°C 
per  day.  The  sensitivity  of  the  numerical  results  is  tested 
by  increasing  to  model  values  to  0.6  and  1.0 °C  per  day. 

The  results  show  a  maximum  increase  of  0.3°C  per  day  in  850 
mb  temperature  and  a  decrease  in  relative  humidity  from 
95.2%  to  93.4%. 


SENSITIVITY  TESTING  -  SOLAR  HEATING 

THIS  CASE  USES  THE  SAME  VALUE  AS  IN  VERIFICATION 


VALID  =  6FEB82/12Z  TO  7FEB.'00Z 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  QA  DOS  TS  QS  ZS  U 
3.2  -9.0  0.333  4.7  0.7  0.1:15-18.0  0.6  1.480  8.8 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 


TIME 

SH 

TS 

TA  TS 

RT 

RH 

DO 

LH 

GAMMA 

1 

0.50 

3.5 

-8.5  -17.5 

-0.04 

54.3 

0.  16 

0.  000 

14.22 

0.49 

3.9 

-S.0  -17,0 

-0.04 

65.  3 

0. 16 

0 .  000 

14.  12 

3 

0.49 

4.2 

-7.6  —16.6 

-0.04 

74.  7 

0. 16 

0.000 

14.03 

4 

0.48 

4.5 

-7.1  -16.1 

-0.  10 

82.7 

0. 16 

0.017 

13.95 

5 

0.48 

4.9 

-6.6  -15.6 

-0.11 

87.  1 

0. 16 

0.093 

13.83 

A 

0.47 

5.2 

-6.1  -15.1 

-0.  13 

90.0 

0. 16 

0.  134 

13.70 

7 

0.46 

5. 5 

-5.6  -14.6 

-0.  13 

92.0 

0. 17 

0. 123 

13.59 

3 

0.45 

5.9 

-5.1  -14.1 

-0.  13 

93.3 

0. 17 

0.114 

13.48 

9 

0.45 

6.2 

-4.6  -13.6 

-0.  13 

94.3 

0.  17 

0.106 

13.39 

10 

0.44 

6.5 

—4. 2  —13.2 

-0.  13 

A4.8 

0. 17 

0.099 

13.31 

11 

0.44 

6.9 

-3.7  -12.7 

-0. 13 

95.  1 

0.  18 

0.094 

13.23 

12 

0.  43 

7 . 2 

-3.S!  -12.3 

-0.  14 

95.2 

0. 18 

0.039 

13.16 

TE  OE 
0.049  -0.124 

SENS.*  radT  LAT.  T.ENT.  Q.EHT.  Q.TOT. 

5.6  -1.3  0.9  0.511  -0.934  2.01 

AIR  COLUMN  WAS  OVER  WATER  12  HOURS 
DEPTH  OF  PEL  =  1.480  KM 
PRECIP  WATER  =  0.0  GRAMS 

SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  9.0 


SENSITIVITY  TESTING  -  SOLFiR  HEATING 

THIS  CASE  ASSUMES  SOLAR  HEATING  OF  O.S  DEG-C 


VALID'  6FEBS2/12Z  TO  7FEB/002 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  OR  DOS  T8  QS  23  U 

3.2  -9.0  0.333  4.7  0.7  0.125  -18.0  O.S  1.430  S.8 

VERTICAL  VELOCITY  OF  AIR  PARCEL  «  0  CM-'-S 

—RESULTS— 


TIME 

SH 

TS 

TA  TS  RT 

RH 

DO 

LH 

GAMMA 

1 

0.50 

3.5 

-8.5  -17.5  -0.04 

54.  3 

0. 16 

0.000 

14.22 

2 

0.49 

3.9 

-8.0  -17.0  -0.04 

65. 3 

0. 16 

0 . 000 

14. 12 

o 

0.49 

4.2 

-7.6  -16.6  -0.04 

74.7 

0. 16 

0.000 

14.03 

4 

0.48 

4.5 

-7.1  -16.1  -0.09 

82.7 

0. 16 

0.017 

13.94 

5 

0.48 

4.9 

—6.6  —15.6  —0.10 

87.  0 

0.  16 

0.093 

13.81 

6 

0.47 

5.2 

-6.1  -15.1  -0.10 

39.8 

0. 16 

0.089 

13.70 

0.46 

5.5 

-5.6  -14.6  -0. 12 

91.9 

0. 17 

0. 123 

13.58 

8 

0.45 

5.9 

-5.1  -14.1  -0.12 

93.2 

0. 17 

0.114 

13.46 

9 

0.45 

6.  2 

-4.6  -13.6  -0.12 

94.  1 

0. 17 

0. 106 

13.36 

10 

0.44 

6.5 

-4. 1  -13. 1  -0. 12 

94.5 

0. 17 

0.099 

13.27 

11 

0.44 

6.9 

-3.7  -12.7  -0.12 

94.7 

0.  IS 

0.  094 

13.  19 

12 

0.43 

t  m  iC. 

-3.2  -12.2  '-0.12 

94.7 

0. 18 

0.089 

13.11 

TE  QE 
0. 049  -0. 124 

SENS.’  radT  LAT.  T.ENT.  Q.ENT.  Q.TOT. 

5.S  -1.1  0.8  0.511  -0.934  2.01 

AIR  COLUMN  WAS  OVER  HATER  12  HOURS 
DEPTH  OF  PEL  =  1.480  KM 
PRECIF  WATER  =  0.0  GRAMS 

SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  -  9.0 
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SENSITIVITY  TESTING  -  SOLAR  HEATING 

THIS  CASE  ASSUMES  SOLAR  HEATING  OF  l.O  DEG-C 


VALID:  6FEB82/12Z  TO  "FEB/OOZ 
—  INITIAL  CONDITIONS— 


T3 

Tfl 

DTS  QS  QA  DOS 

TS 

I  08  23 

IJ 

3  m  2 

:  -9.0 

0.333  4.7  0.7  0.1 

25  -IS 

!.0  0. 

6  1.480  8.8 

VERTICAL  VELOCITY 

■  OF  AIR  PARCEL  = 

0  CM 

L'S 

—RESULTS— 

TIME 

SH 

TS 

TA  T8  RT 

RH 

DO 

LH 

GAMMA 

1 

0.50 

3. 5 

-8.5  -17.5  -0.01 

54.3 

0.  16 

0,  000 

14.20 

2 

0.49 

3.9 

-8.0  -17.0  -0.01 

65.  1 

0. 16 

0.000 

14.08 

3 

0.48 

4.2 

-7.5  -16.5  -0.01 

74  ■ 

0. 16 

0 . 000 

13.97 

4 

0.48 

4.5 

-7.0  -16.0  -0.07 

82. 1 

0.16 

0.014 

13.88 

5 

0.47 

4.9 

-6.5  -15.5  -0.09 

86.  3 

0. 16 

0.098 

13.74 

0.  46 

5.2 

-6.0  -15.0  -0.09 

89.0 

0. 16 

0.089 

13.62 

7 

0.46 

5.  5 

-5.4  -14.4  -0.10 

91.  F1 

0.  1? 

0. 123 

13.49 

3 

0.45 

5.9 

-4.9  -13.9  -0.10 

92,2 

0. 17 

0,114 

13.37 

q 

0.44 

6.2 

-4.4  -13.4  -9.10 

93.0 

0.  17 

0. 106 

13.26 

10 

0.44 

6.5 

-4.0  -13.0  -0.  11 

93.4 

0.  17 

Pi.  099 

13.  16 

11 

0.43 

6.9 

-3.5  -12.5  -0.11 

93.  5 

0.  18 

0.094 

13.07 

12 

0.42 

7.2 

-3.0  -12.0  -0.11 

93.4 

0. 18 

0 . 089 

12.99 

TE 

O.E 

0.049  -0.124 

SENS. 

RAD 

LAT.  T.EHT.  Q.ENT,  Q. 

TOT. 

5.3 

-0.9 

0. 

3  0.511  -0.934  2. 

01 

AIR  COLUMN 

WAS  OVER  WATER  12  HOURS 

DEPTH  OF  PBL  =  1.480  KM 
FPECIP  WATER  =  0.0  GRAMS 

SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  ='9.0 
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F.6.5  Radiational  cooling 

The  model  assumes  radiational  cooling  of  the  boun¬ 
dary  layer  under  clear  sky  conditions  is  1.0 °C  per  day. 
This  value  is  based  on  Charney  (1945)  who  gives  a  range 
of  1  to  3°C  per  day  for  cooling  of  the  free  atmosphere  due 
to  longwave  radiation.  The  sensitivity  of  the  numerical 
results  to  this  estimate  is  tested  by  increasing  the  cool¬ 
ing  to  2.5°C  per  day.  The  result  is  a  decrease  in  850  mb 
temperature  of  just  0.2‘’C  per  day. 
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SENSITIVITY  TESTING  -  RADIATIVE  COOLING  UNDER  CLEAR  SKIES 
THIS  CASE  USES  THE  SAME  VALUE  AS  IN  VERIFICATION 


VALID  =  6FEB82/12Z  TO  7FEB-'902 
—INITIAL  CONDITIONS— 

TS  TA  DTS  QS  QA  DQ3  T3  QS  28  U 
3.2  -9.0  0.333  4.7  @.7  0.125  -13.0  0.6  1.480  8.8 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 


TIME 

SH 

TS 

TA 

T3  RT 

RH 

DQ 

LH 

GAMMA 

1 

0.50 

3.5 

-8.5 

-17.5  -0.04 

54.3 

0. 16 

0.  000 

14.22 

0.49 

3.9 

-3.0 

-17.0  -0.04 

65.3 

0.16 

0.000 

14. 12 

3 

0.49 

4.2 

-7.6 

-16.6  -0.04 

74.7 

0. 16 

0.000 

14.03 

4 

0.48 

4.5 

-7. 1 

-16. 1  -0. 10 

82.7 

0.  16 

0.017 

13.95 

5 

0.48 

4.9 

-6. 6 

-15.6  -0.11 

87.  1 

0.  16 

0.098 

13.83 

6 

0.47 

5. 2 

-6. 1 

-15.1  -0.13 

90 . 0 

0.  16 

0.  134 

13.70 

7 

A.  44. 

5.5 

-5.6 

-14.6  -0.13 

92.  G 

0.  17 

0. 123 

13.59 

p. 

0.45 

5.9 

-5. 1 

-14.1  -0.13 

93.3 

0.  17 

0.114 

13.48 

9 

0.45 

6.  2 

-4.6 

-13.6  -0.13 

94.3 

0.  17 

0.  106 

13.39 

10 

0.44 

6.5 

-4.2 

-13.2  -0.13 

94.8 

0.  17 

0.099 

13.31 

11 

0.44 

6.9 

-3.7 

-12.7  -0. 13 

95.  1 

0.  18 

0.094 

13.23 

12 

0.43 

7.2 

— o  ^ 

•^9  O 

-12.3  -0.14 

95.2 

0. 13 

0.089 

13. 16 

TE 

QE 

0.049  -0.1 

24 

SENS 

.  RAD 

LAT. 

T.ENT.  Q.ENT.  Q. 

,TOT. 

5.6 

-1.3 

0. 

,  s 

0.511  -0.93 

:4  2. 

,01 

AIR  1 

COLUMN 

WAS  O'-, 

/ER  WATER  12  HOURS 

DEPTH  OF  PBL  =  1.480  KM 
PRECIF  WATER  =  0.0  GRAMS 

SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 
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SENSITIVITY  TESTING  -  RFtDIRTIVE  COOLING  UNDER  CLERR  SKIES 
THIS  CASE  flSSUriES  COOLING  OF  2.5  DEG-C  PER  DR 


VfiLID=  6FEB82^122  TO- 7FEB.''002 
—  INITIAL  CONDITIONS— 

TS  TO  DTS  QS  Q.R  DOS  T3  Q3  23  U 
3.2  -9.0  0.333  4.7  @.7  0.125  -13.0  0.S  1.480  3.8 

VERTICAL  VELOCITY  OF  RIR  PARCEL  =  0  CM/S 


—RESULTS— 

TTMC-  •MJ 


TIME 

SH 

TS 

Tfl  TS 

1 

0.50 

3.5 

-3.6  -17.6 

2 

0.50 

3.9 

-8.1  -17.1 

3 

0.49 

4.2 

-7.7  -16.7 

4 

0.49 

4.5 

-7.3  -16.3 

e; 

0.43 

4.9 

-6.8  -15.3 

6 

0.48 

5.2 

-6.2  -15.2 

< 

0.47 

5-  5 

-5.3  -14.3 

E* 

0.48 

5.9 

-5.3  -14.3 

9 

0.46 

6.2 

-4.3  -13.3 

10 

0.45 

6.5 

-4.4  -13.4 

11 

0.45 

6.9 

-3.9  -12.9 

12 

0.44 

7. 2 

-3.5  -12.5 

TE 

QE 

0.049  -0.124 

SENS.  RAD.  LRT.  T.ENT 

3.7  -1.5  0.9  0.511 

RIR  COLUMN  WAS  OVER  NRTER 

DEPTH  OF  PBL  =  1.430  KM 

PRECIP  URTER  =  0.0  GRAMS 

SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 


RT 

RH 

DO 

LH 

GAMMA 

-0. 09 

54.3 

0. 16 

0.000 

14.25 

-0.09 

65 . 6 

0. 16 

0.000 

14.  19 

-0.09 

75.3 

0. 16 

0.000 

14. 12 

-0.  12 

83.7 

0. 16 

0.023 

14.05 

-0. 13 

88.  1 

0.  16 

0.098 

13.94 

-0.  14 

91.2 

0.  16 

0.  134 

13.81 

-0.  15 

93.2 

0. 17 

0.  123 

13.70 

-0.  15 

94.7 

0.  17 

0.114 

13.61 

-0.  15 

95.7 

0.  17 

0.  106 

13.52 

-0.  15 

96.3 

0.  17 

0.099 

13.44 

-0.  15 

96.  6 

0.  13 

0.094 

13.37 

-0.  15 

96.  7 

0.  13 

0.  039 

13.30 

Q.ENT.  Q.TOT. 
-0.934  2.01 

2  HOURS 


180 


F.6.6  Vertical  velocity 

This  study  uses  vertical  velocities  determined 
subjectively  by  map  typing  (Appendix  A) ,  Each  case  uses 
a  vertical  velocity  of  0.0  cm/s  unless  the  large-scale 
flow  favors  vertical  motion.  The  sensitivity  of  the  numeri¬ 
cal  results  to  vertical  velocity  is  tested  for  two  cases  in 
which  vertical  motion  is  favored.  These  show  that  the  degree 
of  sensitivity  depends  upon  the  temperature  lapse  rate  of 
the  boundary  layer.  In  the  first  case,  where  the  lapse 
rate  is  near  the  dry  adiabatic  lapse  rate,  the  change  in 
850  mb  temperature  is  less  than  1.0°C.  In  the  second  case, 
where  the  lapse  rate  is  small,  the  temperature  varies  by  up 
to  4.8°C. 


SENSITIVITY  TESTING  ~  VERTICRL  VELOCITY  FiPFRONINFlTION 


VALID  =  30DECS1/'12Z  TO  31DEC.O0Z 
—  I N I T I RL  COND I T I  Of-lS— 

T3  TR  DTS  Q3  QR  DQS  T3  Q3  Z3  U 

S.R  0.0  0.250  5.7  1.5  0.103  -S.O  0,3  1.470  4.3 

VERTICRL  VELOCITY  OF  RIR  PARCEL  =  .5  CM/S 

—RESULTS— 


TIME 

SH 

TS 

TR 

To 

RT 

RH 

DQ 

LH 

GRMMR 

1 

0.  13 

5.3 

0.0 

— * 

0  -0.04 

39.  4 

0.  09 

0.  000 

10,  03 

0. 13 

6. 1 

0.  1 

9  -0.04 

43.2 

0.09 

0,000 

18.23 

3 

0. 13 

6. 4 

0.  1 

~p, 

9  -0.04 

46.3 

0.09 

0. 000 

10.37 

4 

0. 14 

6.6 

0.  1 

9  -0.04 

50,3 

0.09 

0.000 

10.51 

5 

0.  14 

6.9 

0.2 

"3. 

8  -0.04 

53 . 6 

0  .  09 

0 . 000 

10.65 

6 

0.  14 

7.  r 

0.2 

““3  * 

8  -0.04 

56.9 

0.09 

0.000 

10.79 

7 

0.  15 

7,4 

0.  3 

-s. 

7  -8.04 

60.  0 

0.09 

0.  000 

10.93 

3 

0.  15 

7. 6 

0.3 

•->  • 

7  -0.04 

6*3  •  0 

0.09 

0.  000 

1 1 . 06 

Q 

0. 15 

7.9 

0.4 

-s. 

6  —0.04 

65 . 9 

0.  09 

0.000 

11.13 

10 

0.16 

3.  1 

0.5 

— 0  , 

5  -0.04 

67 . 3 

0.09 

0.000 

1 1 . 30 

11 

0 .  1 6 

3.4 

0.6 

"^3. 

4  -0 . 04 

69.6 

0.09 

0 . 000 

11.42 

12 

0.  16 

8.6 

0.6 

"•3. 

4  -0.04 

71.2 

0 .  1 0 

0 . 000 

11.54 

TE  QE 
0.R23  -0.043 

SENS.  RRD.  LRT.  T.ENT.  Q.EHT.  Q.TOT. 

1.7  -0.5  0.0  0.137  -0.231  1.13 

RIR  COLUMN  MRS  OVER  WRTER  12  HOURS 
DEPTH  OF  PEL  =  1.537  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  5.6 


:0  O"'  f  .-  li Cf  1  0  J  CO  C?  O  J  rf 
OJ  CO  1)0  UT'  r--  Cfl  G'  — <  CO  t}-  bO 


VALID  =  3eiDEC81'^l£Z  TO  31DEC.-Gi0Z 
“  I H I T I AL  COHD I T I  OUS¬ 
TS  TA  DT3  Q3  QA  DOS  TS  OS  Z:5  U 

5.S  0.0  0.250  5.?  1.5  0.108  -3.0  0.3  1.470  4.8 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  .25  CM/3 

—RESULTS— 


TIME  SH 


TS 


TA 


TS 


1 

0.  13 

5.3 

0.  1 

-8.3 

0. 13 

6. 1 

0.  1 

-8.3 

3 

0. 13 

6.4 

0.2 

—  ft.  ft 

4 

0. 13 

6.  6 

0.3 

—o.  ^ 

5 

0.  14 

6.  3 

0.  4 

-8. 6 

0.  14 

7. 1 

0.4 

-8.6 

7 

0.  14 

7.4 

0.5 

-8.5 

8 

0. 15 

7.6 

0.6 

-8.4 

Q 

0. 15 

7.9 

0.7 

**'C'  •  .2> 

10 

0.  15 

8.  1 

0.8 

—  ft 

11 

0.  15 

8.4 

0.  3 

-o.  1 

12 

0.  15 

C*  ■  6* 

1.0 

-8.0 

TE 

GiE 

0.023  -0.04 

9 

EN3. 

RAD. 

LAT. 

T.ENT 

1.7 

-0.5 

0. 

0 

0. 164 

AIR  COLUMN  NAS  OVER  MATER 
DEPTH  OF  PEL  =  1.5S?  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =5.0 


RT 

RH 

DQ 

LH 

GAMMA 

-0,04 

33.4 

Pi  .  09 

0 . 000 

10.05 

-0.04 

43.0 

0.03 

0.  000 

10.  18 

-0.04 

46.5 

0.09 

0.  000 

10.30 

-0.04 

43  -  3 

0.03 

0.  000 

10.42 

-0.04 

53 .  i 

0.09 

0 . 000 

10.54 

-0.04 

56.  1 

0.09 

0 . 000 

10.55 

-0 .  £i4 

53.  1 

0.09 

0.000 

10.77 

-0.04 

61.3 

0.09 

0. 000 

10.  SS 

-0,04 

64.6 

0.03 

0.000 

10.33 

-0. 04 

57 . 2 

0.03 

0 . 000 

11.10 

-0.04 

63.7 

0.03 

0,000 

11.20 

-0'.  04 

71.0 

0 . 03 

0 .  000 

1 1 .  SO 

Q.EHT.  Q. 

TOT, 

-0.24 

3  1. 

13 

12  HOURS 
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VRLID:  30DEC31^'12Z  TO  SlDEi'/OOZ 
"  I N I T I RL  CQUD I T I OMS— 

TS  Tfl  DTS  Q3  OR  DOS  TO  OO  ZO  U 

5.6  0.0  0.250-  5.7  1.5  O. 108  -9.0  0.9  1.470  4.8 

VERTICRL  VELOCITY  OF  flIR  PRRCEL  =  1  Cn-'S 

.—RESULTS— 


TIME 

SH 

TS 

TR 

T8  RT 

RH 

DQ 

LH 

GRMMR 

1 

0.  13 

5.9 

-0.  0 

-9.0  -0.04 

39 . 4 

0  .  09 

0,  000 

101.  13 

O 

0.  13 

6.  1 

-0.  1 

-9.1  -0.04 

43.4 

0.  09 

0.  0100 

101.  32 

o 

6.  14 

6.  4 

-0.  1 

-9.1  -0.04 

47,  3 

0.  09 

0.  000 

10.51 

4 

0.  14 

6.6 

-0.  1 

-9.1  -0.04 

51. 1 

0.  09 

0.  000 

10.  701 

5 

0.  15 

6.9 

-0.  1 

-9.1  -0.04 

54.8 

0.  09 

0.  000 

10,38 

6 

0.  15 

7. 1 

-0.2 

-9.2  -0.04 

58.4 

0.  09 

0. 000 

1 1 . 06 

r* 

0.  16 

7.4 

-0.2 

-9.2  -0.04 

61.9 

0.09 

0.  000’ 

11.23 

8 

0.  16 

7.6 

-0 . 2 

-9.2  -0.04 

64.5 

0.09 

0 . 0100 

11.39 

9 

0.  16 

7.9 

-0.  1 

-9.1  -0.04 

67.0 

0.  09 

0.  000 

11.56 

10 

0.  17 

8.  1 

-0.  1 

-9.1  -0.04 

69.  3 

0.  10 

0.000 

11.72 

11 

0.  17 

8.4 

-0.  1 

-9.1  -0.04 

71 . 6 

0.  10 

01.  010101 

1 1 . 88 

12 

0.  IS 

S .  6 

“0.  1 

-9.1  -0.04 

78 . 8 

0.  10 

01 . 01001 

12.03 

TE 

QE 

0.023  -0. 

346 

SENS 

RRD. 

LRT. 

T.EHT.  Q.EHT 

'.  Q. 

TOT. 

1.8 

-0.5 

0 . 0 

0.210  -0.311 

1. 

13 

RIP 

COLUMU 

MRS 

OVER  MRTER  12  HGUf?.S 

DEPTH  or  PBL  =  1.587  KM 
SHOWFFiLL  =  0.0  CM 

CLOUD  FiMOUHT  =  7.4 


VRLID  '  1S'DEC51.''00Z  TO  19DECV12Z 
—  I R I T I RL  CGMD I T I  OhlS— 


T3 

Tfl 

DT 

3  QS  OR 

DOS 

T3 

03 

■  tL  C' 

U 

•5. : 

3  -7.0 

0.5 

0Fl-  6.0  0. 

S  0.2 

33  -10 

.5  0. 

6  1.455  13.9 

VERTICBL  VELOCITY 

OF  flip  PARCEL  = 

i.5 

CM.-’3 

—RE¬ 

3ULT3" 

TIME 

SH 

TS 

Tfl  TS 

RT 

RH 

DO 

LH 

i:rmmr 

1 

0 . 00 

6.3 

-7.4  -10.0 

-0.04 

29 . 6 

0.  00 

0.  000 

1 1 . 35 

C. 

0.  00 

6.3 

-7.0  -11.4 

-0.04 

30.  6 

0.  00 

0.  000 

12.  14 

O 

0 . 00 

6.3 

-8.3  -11.3 

-0.04 

31.0 

0.  00 

0.  000 

12.43 

4 

0 .  00 

6.3 

-3.7  -12.2 

-0.04 

31.4 

0.  00 

0.  000 

12.73 

O 

.Jt 

0.00 

6.3 

-9.1  -12.6 

-0.04 

31.8 

0.  00 

0.000 

13.02 

6 

0.00 

6.3 

-9.6  -13.1 

-0.04 

32.  3 

0 . 00 

0.  000 

13.31 

7 

1.41 

6.3 

-8.6  -12.1 

-0.04 

32.3 

0.47 

0,  000 

12.97 

o 

1 . 36 

<  .  «-• 

-7.6  -11.1 

-0.04 

0.44 

0.  000 

12.67 

o 

i.31 

r  •  o 

-6.3  -10.3 

-0.04 

r  o .  vi 

0.43 

0.  000 

12.41 

10 

1.27 

o  c; 

-5.9  -9.4 

-0.  17 

36 .  o 

0.41 

0.  133 

12.  15 

11 

1.23 

C'  Q 

-4.3  -3.3 

-0.  13 

?2 . !? 

0.40 

0.411 

11.75 

12 

1.17 

*3.3 

-3.3  -7.3 

-0.  13 

95!  3 

0.40 

0.361 

11.41 

TE 

QE 

0.040  -0.1 

35 

SEM'S 

RRD 

LRT.  T.EHT. 

Q.Eii 

T.  Q. 

TOT. 

7 . 7 

-0.0 

0. 

9  0.342 

-0 . 63 

■S  2  • 

55 

FlIR 

COLUMN 

MRS  O'v 

'ER  WATER  6 

;  HOUR 

'C* 

DEPTH  OF  PPL  =  1.515  KM 
SHOUFflLL  =  0.0  CM 


CLOUD  RMOUHT  =0.0 
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VRLID^  15DEC31/O0Z  TO  IS-DEC  'lZZ 
—  IHITIRL  COHDITIOHS— 


T3 

TA 

DT 

s  QS  i:!H 

DOS 

T8 

'■  Qc 

>  4-0 

1.1 

6  ■  i 

Z*  “  l‘'  m  0 

0.5 

00  6.0  0. 

3  0.2 

33  -10. 5  0. 

6  1.45 

■5  18.9 

VERTICAL  VELOCITY 

OF  AIR  PAP 

CEL  = 

•yrzr 

CM/S 

~P,E: 

SULTS" 

TIME 

SH 

TS 

TA  TO 

RT 

RH 

DO 

LH 

GAMMA 

1 

0 . 00 

6.3 

-7.2  -10.7 

-0.04 

29.6 

0.00 

0.000 

11.71 

0.00 

6.3 

-7.5  -11.0 

-0.04 

30 .  1 

0 , 00 

01. 0100 

1 1 . 86 

0 . 00 

6 . 3 

-7.7  -11.2 

-0.  04 

20 . 0 

0 . 00 

0.  000 

12.01 

4 

0.  00 

6.3 

-7.9  -11.4 

-0.  04 

29.  9 

01 .  010 

0.  0001 

12.  16 

cr 

0.  0O1 

6.3 

-8.1  -11.6 

-0.04 

29.8 

0.00 

0 . 0100 

12.31 

K 

0.  00 

6.3 

-8.3  -11.8 

“0 . 04 

0.00 

0 . 000 

12.46 

1.30 

6.8 

-7.2  -10.7 

-0.04 

29, 7 

0.47 

0 . 010101 

12.06 

1.24 

7.3 

-6.2  -9.7 

-0.04 

50 . 3 

0.44 

0 . 000 

11.70 

9 

1.19 

7.  3 

-5.3  -8.8 

-0.0^ 

J  .  .J 

0 . 43 

0 . 0001 

1 1 . 38 

10 

1.14 

o  o 

-4.3  -7.3 

-0.04 

i'  ■  o 

0.41 

0 . 0010 

11.0? 

11 

1.0? 

O 

Om  O 

-3.4  -6.9 

-0.  17 

ricr 

C* 

0 , 40 

0.130 

10.82 

12 

1 . 05 

9. 3 

-2.5  -6.0 

-0.  17 

OO  Ci 

O  ■->  ■  u 

0.40 

0.228 

10.53 

TE 

QE 

0.0 

24  -0,0 

S»5 

SENS 

RAD 

LAT,  T.ENT. 

Q.EMT.  Q. 

TOT. 

7.0 

-0.7 

0. 

4  0.294 

-0.48 

■4  2 . 

54 

AIR 

COLUMN 

WAS  OV 

'ER  WATER  6 

HOUR 

c* 

DEPTH  OF  PBL  =  1.515  KM 


SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  S.7 
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VRLID:  13DEC31/00Z  TG  13DEr;/122 
—  I N I T I RL  COHD I T I  OUS¬ 
TS  TR  DTS  03  Qfl  DOS  TS  03  ZS  U 
6.3  -7.0  0.500  6.0  0.3  0.233  -10.5  0.6  1.455  13.? 

VERTICRL  VELOCITY  OF  RIR  PRRCEL  =  0  Cri/S 

—RESULTS— 


TIME 

3H 

T3 

TR  T8 

RT 

RH 

DO 

LH 

GRMMR 

1 

0.  00 

6.3 

-7.0  -10.5 

-0.04 

29.6 

0.  00 

0 . 000 

11.57 

O 

il>t 

0.  00 

6.3 

-7.0  -10.5 

-0.04 

29'.  6 

0 .  0'? 

0.  000 

11.53 

•-V 

0.00 

6.  3 

-7.1  -10.6 

-0.04 

29 . 0 

0 . 00 

0.  000 

11.5? 

4 

0. 00 

6. 3 

-7.1  -10.6 

-0 .  £i4 

23.5 

0.  00 

0,  000 

11.60 

5 

0.  00 

O  «  o 

-7.1  -10.6 

-0.04 

23.0 

0 . 00 

0 . 0001 

11.61 

6 

0.00 

6.  3 

-7.1  -10.6 

-0.04 

27.5 

0.00 

0.000 

11.62 

7 

1.19 

6.8 

-5.9  -9.4 

-0.04 

27.0 

0.47 

0.000 

11.15 

3 

1.12 

7.3 

-4.3  -3.3 

-0 . 014 

45.3 

0.44 

0.000 

10.73 

9 

1.06 

7.8 

-3.3  -7.3 

-0.04 

cro  T 

‘j  •  1 

0.43 

0 . 0100 

10.36 

10 

1.01 

3.3 

-2.3  -6.3 

-0.04 

69.3 

0.41 

0 . 01010 

10.03 

11 

0.96 

8.3 

-1.9  -5.4 

-0.  04 

f  (  m  1 

0.39 

0.  000 

9.73 

12 

0.92 

•  .3 

-1.0  -4.5 

-0.  16 

33.9 

0.33 

01 . 0i59 

9.  501 

TE 

OE 

0.  0: 

24  -0.104 

SEflS 

RRD. 

LRT.  T.EHT. 

O.EHT 

0 . 

TOT, 

6.3 

-0.6 

0 

.  1  0.234 

-0. 307 

tr*-! 

‘Ju 

RIR 

COLUMN  MRS  OVER  URTER  6  HOURS 

DEPTH  OF  PEL 

.  =  1 

.512  KM 

SNOl'JFRLL  =  0.0  CM 

CLOUD  RMOUKT  =  3.2 
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VRLID:  19DEC31/00Z  TO  19DEC/12Z 
— - 1 H I T I RL  cord  I T I  n!T3“ 


T3 

TR 

DT 

QS  QR 

DOS 

TE 

or 

5  Z3 

6. 

3  -7.0 

0.5 

00 

6.0  y  • 

3  0.233  -10.5  0. 

6  1.4 

VERTICRL  velocity 

OF  RIR  PRRCEL  = 

2.5 

CM/3 

~RE 

3ULT3~ 

TIME 

SH 

TS 

TR 

T3 

RT 

RH 

DQ 

LH 

1 

0.00 

6.3 

-7.7 

-11.2 

-0.04 

29.6 

0 . 00 

0 . 01010 

2 

0 . 00 

6.3 

-3.4 

-11.9 

-0.  04 

31.3 

0.  00 

0.000 

O 

O 

0.00 

S  m  •!' 

-9.  1 

—  1  <1 .  6 

-0.04 

•  'JT* 

0.00 

0 . 000 

4 

0.00 

6.  3 

-9.  P: 

-13.3 

-0.04 

33  5 

0,  00 

0.000 

5 

0.  00 

6.3  - 

10.5 

-14.0 

-0.04 

34’.  3 

0 , 00 

0.000 

6 

0.00 

6.3  - 

11.2 

-14.7 

-0.04 

36,  1 

0,  00 

0.  000 

7 

1 . 55 

6.8  - 

10.3 

-13.3 

-0.  04 

37.5 

0.  47 

0.000 

8 

1.51 

1  w 

-9.5 

-13.0 

-0.  04 

64.4 

0.  44 

0 . 0100 

9 

1.47 

7  •  y 

-3.3 

-12.3 

-0.  16 

35.  1 

0.43 

0.  036 

10 

1.44 

C»  m  O 

-7.6 

-11.1 

-0.  13 

93.  3 

0.41 

0.  490 

11 

1 . 33 

C»  C‘ 

O .  C‘ 

-6.  7 

-10.2 

-0.  18 

104.5 

0,41 

0.425 

12 

1 . 33 

9-  3 

-5.3 

-9 . 3 

-0.  13 

104.4 

0.  40 

0 .  3  i‘  3 

TE 

QE 

0.043  -0.1 

74 

SEU3 

RRD 

LRT. 

T.EHT. 

Q.ENT.  Q. 

TOT. 

8.7 

-1.0 

1. 

4 

0. 366 

-0.  66 

:*!  , 

56 

RIR 

COLUMM 

HRS  OV 

ER  WRTER  6 

HOUR 

DEPTH  OF  PEL  =  1. 

515 

KM 

SMQWFRLL  =  1.3  CM 

CLOUD  RMOUMT  =  9.0 


ij 

>'5  13.9 


GRMMR 

12.04 

12.52 

13.00 

13.43 

13.96 

14.43 
14.  19 

13.97 
13.79 
13.36 
13.02 
12.76 


APPENDIX  G 


FORECAST  RESULTS 

Sections  G1-G3  of  this  appendix  list  the  input  para¬ 
meters  and  results  of  the  test  cases  used  for  model  veri¬ 
fication.  The  output  appears  in  bulletin  format  and 
includes  a  summary  of  the  total  change  in  temperature  and 
mixing  ratio  due  to  diabatic  processes. 
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12-HOUR  FORECAST  RESULTS 


VALID'  16H0V31/12Z  TO  17NO'vV00Z 
—  INITIAL  CONDITIONS— 

TS  Tfl  DTS  QS  Pfi  DPS  TS  Q3  Z3  U 
10.6  -1.0  0.250  7.9  1.6  0.150  -12.0  0.3  1.485  9.5 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 


TIME 

SH  TS 

TA 

TE 

RT  RH 

DP  LH  GAMMA 

12  0 

.37  13.1 

5  4. 

8  -6.2 

-0.12  94.5 

0.26  0.123  13.34 

TE 

QE 

0.045 

-0.174 

SENS. 

RAD. 

LAT. 

T.ENT. 

P.ENT.  Q. 

.  TOT . 

5.2 

-1.2 

1.2 

0.486 

-1.324  3. 

,  10 

AIR  COLUMN  WAS 

OVER 

WATER  1 

2  HOURS 

DEPTH 

OF  PEL  = 

1 . 605 

KM 

SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 


VALID'  20NOV31/122  TO  21 NOV/002 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  PS  PR  DP3  T3  P3  23  U 

8.6  3.0  0.333  7.02.0  0.167  -5.0  1.2  1.505  11.3 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM/S 
—RESULTS— 

TIME  SH  TS  TR  T8  RT  RH  DP  LH  GAMMA 

12  0.31  12.6  6.2  -1.8  -0.14  86.4  0.23  0.120  9.56 

TE  PE 
0.023  -0.107 

SENS.  RAD.  LRT.  T.ENT.  Q.ENT,  P.TOT. 

3.6  -0.3  0.3  0.185  -0.594  2.35 

flIR  COLUMN  WAS  OVER  WATER  12  HOURS 
DEPTH  OF  PEL  =  1.595  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  6.1 
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VRLID=  27H0VS1/12Z  TO  28HOV/00Z 
—  IHITIFIL  CQNDITIOMS— 


TS  TA  DTS 

QS  QR  DOS 

TS 

AS  28  U 

8.3  -6,0  0.300 

7.2  1.1  0.1*: 

-15.0 

0.7  1.515  14.' 

VERTICAL  VELOCITY  OF 

AIR  PARCEL  = 

0  CM---S 

—RESULTS— 

TIME  SH  TS  TA 

TS  RT 

RH  D 

G  LH  GAMMA 

12  0.57  ll.S  3.0 

-6.0  -0.14 

?? . y  0 . 

34  0.206  11.7: 

TE  QE 
0.045  “0.204 

SENS.  RflD.  LRT.  T.EHT.  Q.EHT.  O.TOT. 

7.7  -1.2  2.2  0.437  -1.384  3.59 

flIR  COLUMN  WAS  OVER  WATER  18  HOURS 
DEPTH  OF  PBL  =  1.615  KM 
PRECIP  WATER  =  0.1  GRAMS 

SNOWFALL  a  1.2  CM 
CLOUD  AMOUNT  =9.0 


VALID*  21  NOV  A 1/002  TO  21  NOW  122 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  GS  QA  DOS  T8  QS  23  U 

10.0  5.0  0.300  7.73.5  0.170  -1.52.2  1.495  7.8 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM/S 
—RESULTS— 

TIME  SH  TS  TA  TS  RT  RH  DG  LH  GAMMA 


12  0.20  13.1 

3  6.4 

•  -0.  1 

— 0 .  Oi4  f'  ( . 

6  0.14  0.000 

TE  GE 

0.001  -0.003 
;ENS.  RAD. 

LAT. 

T.ENT. 

Q.EHT. 

G.TOT. 

1.8  -0.5 

0.0 

0.014 

-0.022 

1 . 3? 

AIR  COLUMN  WAS  OVER  WATER  10  HOURS 
DEPTH  OF  PBL  =  1.530  KM 
PRECIP  WATER  =  0.0  GRAMS 

SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  1.6 


VALID*  1 DECS 1/1 22  TO  2DEC/002 
—  nU  T I AL  COND I T 1 0N3— 

TS  TA  DTS  GS  GA  DOS  TS  GS  Z8  U 

S.4  -S.O  0.375  7.0  0.8  0. ISS  -16.3  0.6  1.53?  14.7 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TA  TS  RT  RH  DG  LH  GAMMA 

12  0.77  11.4  -0.4  -7.7  -8.14  100.3  0.35  0.25?  12.3? 
TE  GE 
0.0.14  -0.134 

SENS.  RAD.  LAT.  T.EHT.  G.ENT.  G.TOT. 

7.6  -1.0  1.7  0.3S?  -0.?25  2.?7 

AIR  COLUMN  WAS  OVER  WATER  S  HOURS 
DEPTH  OF  PBL  =  1.61?  KM 
PRECIP  WATER  =  8.1  GRAMS 

SNOWFALL  =  0.7  CM 

CLOUD  AMOUNT  =  9.0 


VALID'  4DEC31/12Z  TO  SDEC^'giOZ 
~  I N I T  !  RL  COHD I T I  OHS— 

TS  TR  DTS  QS  Qfl  DOS  TO  RR  Z":  t' 

7.9  3.0  0.300  6.7  2.4  0.130  -A.O  1.7  1.310  6.5 

VERTICAL  VELOCITY  OR  AIR  PARCEL  =  0  CM. 'A 

— RESULT.S— 

TIME  3H  TS  TA  TS  RT  RH  DQ  LH  GAMMA 
12  0.1S  10.5  4.2  “4.3-0.11  34.3  0.13  O.03S  10.33 

TE  QE 
0.023  “0.054 

SENS.  RAD.  LAT.  T.EHT.  Q.EHT.  O.TOT. 

1.7  “0.7  0.1  0.163  “0.254  1.26 

AIR  COLUMN  WAS  OVER  WATER  10  HniJRA 
DEPTH  OF  PEL  =  1.592  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =7.2 


VALID'  3DEr:31.''12Z  TO  SDEC/ROZ 
—  I N I T I AL  COND I T I  OUS¬ 
TS  TR  DTS  QS  QA  DQ3  TS  Q3  Zt:  U 

6.4  3.0  0.444  6.0  2.7  0.222  -5.0  1.5  1.530  9.0 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM/S 
— RESULTS — 

TIME  SH  TS  TA  T8  RT  RH  DQ  LH  GAMMA 
12  0.23  10.4  4.3  “3.7-0.04  73,40.160.030  9.22 

TE  QE 
0.012  -0.032 

SENS.  RAD.  LAT.  T.EHT.  Q.ENT.  Q.TOT. 

1.7  “0.5  0.0  0.024  -0.043  1.31 

AIR  COLUMN  WAS  OVER  WATER  9  HOURS 
DEPTH  OF  PEL  =  1.562  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =2.8 


VALID'  9DECS1/122  TO  10DEC/00Z 
—  I N I T I  AL  COND  I T I  OUS¬ 
TS  TA  DTS  OS  OR  DOS  TS  03  ZS  U 

8.2  4.0  0.167  7.02.5  0.033  -2.52.6  1.535  7.5 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DO  LH  GAMMA 
12  0.16  10.2  5.5  -1.0-0,13  96. 7  0. 13  O. 15S  7.30 

TE  QE 
0,009  -0.031 

SENS.  RAD.  LAT,  T.EHT.  O.ENT.  O.TnT, 

1.8  -1.5  1.1  0.080  -0.193  1.70 

AIR  CGLUMIJ  WAS  OVER  WATER  12  HOURS 
DEPTH  OF  PEL  =  1.535  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  5.8 


I 
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VFILID-  lODECot/lSS  TO  11DEC--'O02 
—  IHITIRL  CONDITIONS— 

TS  TR  DTS  G3  OR  DOS 

7.1  6.0  0.373  6.1  2.3  0.213 

VEPTICRL  VELOCITY  OF' RIR  FRRCEL  =  0 


T3  Cl3  28  U 
-2.0  2.?  1.523  7.4 

CM/3 


— RESULTS — 

TIME  SH  T3  Tfi  T3  RT  RH  DO  LH  GRMMR 

12  0.12  10.1  6.3  -1.7  -0.16  94.7  0.14  O. 130  7.71 

TE  QE 

0.00?  -0.021 

SENS.  RflD.  LRT.  T.ENT.  O.EMT.  Q.TOT. 

0.7  -1.1  0.7  0.064  -0.893  1.05 

RIP  COLUMN  URS  OVER  WRTER  S  HOURS 
DEPTH  OF  PBL  =  1.525  KM 
SNOWFRLL  =  0.0  CM 


CLOUD  RMOUNT  =5.2 


VRLID-  16DEC81/122  TO  17DEC/002 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  OS  OR  DOS  TS  03  U 

6^1  6.0  0.375  6.0  3.5  0.175  -6.8  1.3  1.595  7.1 

VERTICAL  VELOCITY  OF  RIR  FRRCEL  =  8  CM/3 

— RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DO  LH  COMMA 

12  0.07  8.7  5.9  -6.1  -8.04  77.7  8.0?  0.000  9.27 

TE  OE 
0.811  -0.014 

SENS.  RRD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

0.3  -0.5  0.0  0.823  -0.022  8.58 

RIR  column  was  OVER  WRTER  6  HOURS 
DEPTH  OF  PEL  =  1.622  KM 
SNOWFALL  =s  0.0  CM 
CLOUD  AMOUNT  =2.7 


VALID ^  19DECS1/12Z  TO  20DEC/00Z 
—  IHITIRL  CONDITIONS— 

TS  TR  DTS  QS  OR  [>03  T3  QS  28  U 

5  2  -5.0  0.308  5.5  0.3  8.288  -9.8  1.3  1.458  14.7 

VEPTICRL  VELOCITY  OF  RIR  PfiPCEL  =  8  CM/S 

--RESULTS— 

TIME  SH  TS  TR  T3  RT  PH  DM  LH  GRMMR 

12  0*46  8.'2  1.7  -2.3  -8.19  101.6  8.23  0.349  7.2J 

TE  QE 
0.010  -0.850 

SENS.  POD.  LRT.  T.ENT.  Q.ENT.  Q.T'JT. 

5.9  -1.5  2.2  8.1 33  -8 .339  2 . 96 

RIP  COLUMN  WAS  OVER  WRTER  10  HOURS 
DEPTH  OF  PBL  =  1.510  KM 
SNOWFRLL  =  0.7  CM 

CLOUD  AMOUNT  =  7.3 


193 


VALID--  22DEC8-1/12Z  TO  ZSOEC'OOZ 
—  IHITIRL  COHDITIOMS— 

TS  Tfl  DTS  OS  QR  DOS  T3  03  ~3  U 

5.1  0.0  0.500  5.5  1.7  0.213  -7.5  1.1  1.455  12.0 

VERTICAL  VELOCITY  OF  - AIR  PARCEL  =  O  CM-^S 
—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DQ  LH  GRMMfl 
12  0.36  9.1  2.3  -5.2-0.13  S2.70.21  0.041  9.36 

TE  QE 
0.024  -0.077 

SENS.  RAD.  LRT.  T.EHT.  Q.ENT.  C.TOT. 

2.7  -0.5  0.0  0.092  -0.209  1.71 

AIR  COLUMN  WAS  OVER  WATER  3  HOURS 
DEPTH  OF  PEL  =  1.510  KM 
SNOWFALL  a  0.0  CM 
CLOUD  AMOUNT  =5.6 


VALID =  23DEC31/122  TO  24DEC/00Z 
—  INITIAL  CQND I T I  OHS— 

TS  TA  DTS  QS  QR  DQ3  T3  03  Z3  U 

5.1  -3.0  0.400  5.5  2.0  0.170  -3.5  0.9  1.490  11.5 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM-'S 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DQ  LH  GRMMR 
12  0.41  9.1  0.9  -4.4:  -0.04  75.3  0.  IS  O.OQO  9.3  9 

TE  QE 
0.012  -0.039 

SENS.  RRD.  LRT.  T.EHT.  Q.EHT.  Q.TOT. 

4.2  -0.5  0.0  0.131  -0.233  1.32 

flIR  COLUMN  WAS  OVER  WATER  10  HOURS 
DEPTH  OF  PEL  =  1.565  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =1.8 


VALID  25DECS1/12Z  TO  26DEC/00Z 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  QS  QA  DQ3  T8  Q3  28  U 
3.0  5.0  0.000  7.0  4.0  0.000  3.5  1.9  1 . 4'='Q  3  3 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  1  CM/S 

—RESULTS— 


TIME 

SH  TS 

TA 

T8  RT  RH  DQ  LH 

GAMMA 

12  0 

.23  8.' 

3  3. 

0  1.5  -0 . 04  53 .7  0.00  0 . 00C 

j  4.3? 

TE 

QE 

0.001 

-0.003 

SENS. 

RAD. 

LRT. 

T.EHT.  Q.EHT.  Q.TrjT, 

2.3 

-0.5 

0.0 

0.014  -0.024  1.13 

AIR  COLUMN  WAS 

OVER 

WATER  12  HOURS; 

DEPTH 

OF  PBL  = 

1 . 490 

KM 

SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  d.O 


VRLID:  ?0DEC31.''12Z  TO  3lDEr/RR7 
— - 1 N I T I RL  COMD I T 1 0H3— 

T3  TR  DTS  Q3  Qfi  003  T3  03  23  U 

5.3  e.0  0.250  5.?  1.5  0.103  -9.0  0.9  1.470  4.3 

VERTICAL  VELOCITY  OF  AIR  PRPCEL  •■=  .5  CM.-'3 

—RESULTS— 

TIME  SH  TS  TR  T3  RT  PH  00  LH  CRMMR 

12  0.16  S.6  0.6  -8.4  -0.04  71,2  0.10  0.000  11.54 

TE  QE 
0.023  -0.048 

SENS.  RRD.  LRT.  T.EHT.  0.EHT.  n.TOT. 

1.7  -0.5  0.0  0.137  -0.231  1.13 

flIR  COLUMN  HRS  OVER  WRTER  12  HOURS 
DEPTH  OF  PBL  =  1.537  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =5.6 


VALID  ^  9DEC31.-'-002  TO  9DEC.-'12Z 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  03  OR  DOS  T3  03  Z3  U 

7.4  4.0  0.300  6.5  3.5  0.150  -4.5  1.5  1 . 54n 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM.-S 
—RESULTS— 

TIME  3H  TS  TR  TS  RT  RH  D0  LH  GRMMP 

12  0.21  10.4  5.5  -3.0  -0.04  76.3  0.14  O.OOO  3.73 

TE  0E 
0.001  -0.003 

SENS.  RRD.  LRT.  T.ENT.  Q.EMT.  Q.TOT. 

1.9  -0.5  0.0  0.014  -0.021  1.33 

RIR  COLUMN  WfiS  OVER  WATER  10  HOURS 
DEPTH  OF  PBL  =  1.580  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =1.3 


VALID'  13DEC31/00Z  TO  13DEC-'122 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  03  OR  003  T3  03  Z3  U 

6.3  -1.0  0.300  6.1  1.7  0.150  -11.0  0.9  1.540  9.5 

VERTICAL  VELOCITY  OF  RIR  PARCEL  =  O  CM/S 
—RESULTS— 

TIME  3H  TS  TA  T3  RT  RH  00  LH  GAMMA 

12  0.31  9.3  2.0  -3.0  -0.10  33.9  A. 13  0.031  11.50 

TE  QE 
0.044  -0.120 

SENS.  RAO.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

3.2  -0.7  0.1  0 . 30;?  -0 .  .•-.0:6 

AIR  COLUMN  WAS  OVER  WATER  10  HONRS 
DEPTH  OF  PBL  =  1.640  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  9.0 


I 


VALID ^  14DEC31/00S  TO  14DEC/12Z 
—  IHITIRL  C0HDITIDM3— 

TS  Tfi  DTS  Q3  OR  DQ3  TO  iJiO  Z3  IJ 

6.7  -2.0  0.300  6.1  1.5  0,150  -10.5  O.O  1.505  14.7 

VERTICFIL  VELOCITY  OF  flIR  PARCEL  =  0  CM/S 

“PESLILTS— 

TIME  SH  T3  TR  T3  RT  RH  DC  LH  GRMMR 
12  0.41  9.7  3.4  -5.1  -0.14  36.3  0.25  0.227  9.32 

TE  QE 

0.022  -0.100 

3EH3.  RRD.  LRT.  T.EHT.  Q.EHT.  Q.TOT. 

5.0  -1.0  1.2  0.244  -0.599  2.72 

RIR  COLUMN  MRS  OVER  WRTER  lO  HOURS 
DEPTH  OF  PBL  =  1.602  KM 
SNOUFRLL  =  0.0  CM 

CLOUD  RMOUHT  =9.0 


VALID:  15DEC31/00Z  TO  15DEC/12Z 
—  IHITIRL  COHD  IT  I  OUS¬ 
TS  TR  DTS:  QS  OR  DCS  T3  CS  S3  U 

6.5  -2.0  0.273  6.0  1.2  0.136  -10.0  0.6  1.535  8.3 

VERTICAL  VELOCITY  OF  RIR  PARCEL  =  0  CM/:S 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DC  LH  GAMMA 
12  0.31  9.3  1.4  -6.6-0.11  83.20.170.041  13.66 

TE  QE 
0.022  -0.033 

SENS.  RRD.  LAT.  T.EHT.  Q.EHT.  Q.TOT. 

3.3  -0.6  0.1  0.157  -0.3;'.5  2.12 

AIR  COLUMH  WAS  OVER  WATER  12  HOURS 
DEPTH  OF  PEL  =  1.655  KM 
SHOWFALL  =  0.0  CM 

CLOUD  RMOUHT  =7.5 


VALID:  19DEC31/00Z  TO  19DEC/12Z 
—  INITIAL  COHDITIOHS— 

TS  Tfi  DTS  QS  QR  DQS  T3  QS  Z8  IJ 

6.3  -7.0  0.500  6.0  0.3  0.23:-:  -10.5  ri.A  1.455  iR.  j 

VERTICAL  VELOCITY  OF  RIR  PRRCEL  =  1.5  CM/S 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  [.0  LH  GAMMA 

12  1.17  9.3  -3.3  -7.3  -0.13  95. A  n.40  0,36i  M.-U 

TE  QE 
0.043  -0.1.35 

SENS.  RAD.  LRT.  T.EHT.  Q.EHT.  Q.TOT. 

7.7  -0.9  0.9  0.;342  -0.636  2.55 

RIR  COLUMH  WAS  OVER  WRTER  6  HOURS 
DEPTH  OF  PBL  =  1.515  KM 
SHOWFRLL  =  0.0  CM 

CLOUD  RMOUHT  =9.0 


I 


196 


VALID:  20DEC31/00Z  TO  ZGDEC/IZZ 
—  I N I T I  fiL  COUD I T I  OUS¬ 
TS  TR  DTS  Q3  QR  DQS  T3  Q: 

S.2  0.0  0.309  5.8  1.5  0.140  -4.0  1 

VERTICAL  VELOCITY  OF- flIR  PARCEL  =  O  CM^S 
—RESULTS— 

TIME  SH  TS  TR  T3  RT  RH  DQ 

12  0.32  9.2  2.5  -1.5  -0.17  83.2  9. IS 

TE  QE 
0.010  -0.033 

SEHS.  RRD.  LRT.  T.EHT.  Q.EHT.  Q.TOT. 

3.1  -0.7  0.1  0.032  -0.092  1.93 

RIR  COLUMN  UfiS  OVER  WATER  19  HOURS 
DEPTH  OF  PEL  =  1.439  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  «  1.5 


ZS  U 
G  1.430  10.2 


LH  GflMMfl 
0.077  7.2G 


VALID:  23DEC3 1/002  TO  23DEC/122 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  QS  QR  DQS 

6.1  -7.0  0.273  5.8  1.2  0.126  - 

VERTICAL  VELOCITY  OF  AIR  PARCEL  ==  0 

—RESULTS— 

TIME  SH  TS  TA  T8  RT  RH 

12  0.52  9.1  -0.5  -6.0  -9.14  34. 


IS  OS  ZS  U 
12.5  0.6  1.455  12. 

aus 

DC  LH  GAMMA 
9  0.22  0.064  10.3 


0 


TE  QE 
0.023  -0.092 

SEHS.  RAD.  LRT.  T.EHT.  Q.EHT.  Q.TOT. 

6.8  -0.S  0.2  0.275  -0.673  2.53 

RIR  COLUMH  WAS  OVER  WATER  11  HOURS 
DEPTH  OF  PEL  =  1.565  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =7.4 


VALID:  29DEC31/00Z  TO  29DEC/122 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  Q3  QA  DQS  TS  Q3  ZS  U 

5.9  -10.0  0.273  5.7  0.8  0.127  -14.9  0.6  1.465  12.9 

VERTICAL  VELOCITY  OF  RIR  PARCEL  =  0  CM/3 

—RESULTS— 

TIME  SH  TS  TA  TS  RT  RH  DQ  LH  GAMMA 

12  0.61  8.9  -2.4  -6.4  -9.15  34.7  0.24  Q.Q77  10.45 

TE  QE 
0.023  -0.087 

SENS.  RRD.  LAT.  T.EHT.  Q.ENT.  Q.TOT. 

3.1  -1.1  0.3  0.355  -0.913  2.72 

RIR  COLUMN  WAS  OVER  WATER  11  HOURS 
DEPTH  OF  PBL  =  1.575  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =7.5 
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VALID  =  31DEC81/00Z  TO  31DEC.'12Z 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QPi  OR  DOS  T3  03  Z3  U 

5.6  “3.0  0.027  5.7  1.7  0.118  -15.0  0.6  1.470  11.3 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TA  T8  RT  RH  DO  LH  GRMMR 
12  0.42  5.9  -2.3  -9.3  -0.13  37-3  0.19  0.123  10.31 

TE  QE 
0.023  -0.070 

SENS.  RAD.  LRT.  T.ENT.  O.ENT.  Q.TOT. 

6.1  -1.0  0.3  0.353  -0.741  2.15 

AIR  COLUMN  WAS  OVER  WATER  11  HOURS 
DEPTH  OF  PBL  =  1.580  KM 
SNOWFALL  -  0.0  CM 

CLOUD  AMOUNT  =8.0 


VALID--  9.JANS2/12Z  TO  1 0 JRH.--0OZ 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  OS  QA  DOS 

4.7  5.0  0.500  5.5  3.3  0.300 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0 

—RESULTS— 

TIME  SH  TS  TA  T8  RT  RH 
12  0.0S  7.7  4.8  -3.7  -0.04  69. 

TE  OE 

0.001  -0.001 

SENS.  RAD.  LAT.  T.ENT.  O.ENT. 

0.2  -0.5  0.0  0.015  -0.010 

AIR  COLUMN  WAS  OVER  WATER  6  HOURS 
DEPTH  OF  PEL  =  1.460  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


T8  OS  ZS  U 
-3.5  1.7  1.460  7.0 

CMxS 

DO  LH  GAMMA 
1  0.09  0.000  7.. 31 


Q.TOT. 

0.45 


VALID’  10JRN827122  TO  ll-JAN/OOZ 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  QA  DOS  TS  QS  Z3  U 

7.7  7.0  0.000  6.3  5.5  0.000  6.5  2.2  1.460  7.5 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  1  CM/S 

—RESULTS— 

TIME  SH  TS  TA  T8  RT  RH  DO  LH  GAMMA 
12  0.14  7.7  3.4  2,9  -0.04  43.3  0.02  O.OOO  3.26 

TE  QE 

0.001  -0.001 

SENS.  RAD.  LAT.  T.ENT.  Q.ENT.  Q.TOT. 

1.0  -0.5  0.0  0.015  -0.011  0.2S 

AIR  COLUMN  WAS  OVER  WATER  12  HOURS 
DEPTH  OF  PBL  =  1.460  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  0.0 
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VALID:  13JRH82/12Z  TO  14JftW/00Z 
“INITIAL  CONDITIONS-- 

TS  TA  DTS  Q3  QR  DOS  TO  Q3  ZO  U 

3.3  -8.9  0.555-  4.9  0.9  0.139  -13,'=J  9.4  1.470  10.5 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

— RESULTS— 

TIME  SH  TS  TR  T8  RT  RH  DG  LH  GAMMA 
12  0.54  8.3  -3.3  -3.3  -0.94  73.2  0,20  0.000  11.62 

TE  QE 
0.023  -0.068 

SENS.  RAD.  LRT.  T.ENT.  G.EHT.  Q.TOT. 

4.9  -0.5  0.0  0.263  -0.400  1.76 

RIR  COLUMN  WAS  OVER  WATER  9  HOURS 
DEPTH  OF  PBL  =  1.560  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =6,4 


VALID'  20JHM32/122  TO  21JAN/00Z 
—  INITIAL  CONDITIONS-- 

TS  TR  DTS  OS  GR  DQS  T8  08  Z3  U 

3.2  2.0  0.500  4.8  i.8  9.175  -2.0  0.9  1.450  12.9 

VERTICAL  VELOCITY  OF  RIR  PARCEL  =  0  CM/S 

— RESULTS — 


TIME 

SH  TS 

TR 

T8 

RT 

RH  DO  LH  GAMMA 

12  0 

.29  9.2  3. 

8  -0.2  -1 

3.04  ! 

62.6  0.17  0.000  6.31 

TE 

QE 

0.  001 

-0.005 

SENS. 

RAD. 

LRT. 

T.ENT. 

O.ENT 

.  Q.TOT, 

2.2 

-0.5 

0.0 

0.014  ■ 

-0. 034 

2.03 

AIR  COLUMN  WAS 

OVER 

WATER  12 

HOUR 

s 

DEPTH 

OF  PBL  = 

1 . 490 

KM 

SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


VALID'  9JRNS2/002  TO  9JRN/122 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  9.S  QA  DOS  TS  03  28  U 

3.3  -5.0  0.444  4.7  2.2  0.222  -4.0  1.5  1.449  11.0 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TR  T8  RT  RH  DO  LH  GAMMA 

12  0.47  7.3  -1.2  -0.2  -9.04  61.3  0.16  9.009  5.55 

TE  OE 
0.001  -0.004 

SENS.  RAD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

4.2  -0.5  0.0  0.015  -0.020  .1.34 

AIR  COLUMN  WAS  OVER  WATER  9  HOURS 
DEPTH  OF  PBL  =  1.440  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


'v'RLID^  31JRH::i2.'-122  TO  lFEB>'-002 
—  I H I T I FIL.  COUD I T I  OUS¬ 
TS  Tfl  DTS  OS  Qfl  DOS  TS  OS  1:5  IJ 

3.4  -3.0  0.333  4.0  2.0  0.133  -12.5  O.S  1.430  3.3 

VERTICRL  VELOCITY  OF  RIR  PRRCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TR  T3  RT  Rfi  DO  LM  GRMMR 
12  0.23  ?.l  -0.2  -9.7-0.04  70,1  0.130.000  11.49 

TE  CE 
0.023  -0.052 

SENS.  RRD.  LRT.  T.EHT.  Q.EHT.  O.TOT, 

3.0  -0.5  0.0  0.237  -0.357  1.31 

RIR  COLUMH  WRS  OVER  WRTER  11  HOURS 
DEPTH  OF  PBL  =  1.570  KM 
SHOWFRLL  =  0.0  CM 

CLOUD  RMGUMT  =5.1 


VRLIDi  1FEE;82.'-12Z  TO  2FEB/00Z 
—  I M I T I RL  COIID I T I GHS— 

TS  TR  DTS  OS  QR  DOS  TS  03  ZS  U 

3.4  -S.O  0.334  4.9  1.2  0.127  -10.5  0.7  1.510  9.5 

VERTICRL  VELOCITY  OF  RIR  PRRCEL  =  O  CM'-S 
—RESULTS— 

TIME  SH  TS  TR  T3  RT  RH  DO  LH  GRMMR 
12  0.30  7.4  -0.2  -7.7-0.12  SO. 3  O. 15  0. 004  9.99 

TE  OE 
0.023  -0.070 

SENS.  RRD.  LRT.  T.EHT.  Q.EHT.  O-TiOT. 

3.2  -0.5  0.0  0.140  -0.270  1.35 

RIR  COLUMH  HRS  OVER  WRTER  11  HOURS 
DEPTH  OF  PBL  =  1.592  KM 
SNOWFALL  =  0.0  CM 

CLOUD  RMOUMT  =  5.1 


VALID ^  4FEBS2/12Z  TO  SFEB/GOZ 
—  D  J I T I  RL  COHD I T I  OHS— 

TS  TR  DTS  QS  OR  dqf  TS  OS  ZS  U 

3.2  -5.0  0.333  4.7  0.7  0.125  -16.5  0.4  1.435  12.6 

VERTICAL  VELOCITY  OF  RIR  PRRCEL  =  O  CM/S 
—RESULTS— 

TIME  SH  TS  Tfl  TS  RT  PH  DO  LH  GRMMR 
12  0.37  7.2  0.4-11.1-0.11  96.4  0.21  0.099  12.34 

TE  GE 
0.045  -0.148 

SENS.  RRD.  LRT.  T.EHT.  Q.EHT.  O.TOT. 

5.1  -1.0  0.3  0.462  -1.109  2.53 

RIP  COLUMH  WAS  OVER  WRTER  12  HOURS 
DEPTH  OF  PBL  =  1.605  KM 
SHOWFRLL  =  0.0  CM 

CLOUD  RMOUHT  =9.0 


M 
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VRLID^  3FEB32 1 2Z  TO  t-FEB/OOZ 
—  I N I T I RL  c5t<D  I T  T  OUS¬ 
TS  TR  DTS  Q3  Qfl  DOS  T8  QS  ZS  0 

3.2  -1.0  0.333  4.7  1.4  0.125  -12,5  0.3  1 . 7.4 

VERTICAL  VELOCITY  OF  RIR  PARCEL  =  0  CM- 3 

— RESULTS— 

TIME  SH  TS  TR  T8  RT  RH  DQ  LH  GRMMR 
12  0.20  7.3  0.3  -10.6  -0.03  32.4  0.12  0.012  12.21 

TE  QE 
0.046  -0.033 

SENS.  RRD.  LRT.  T.EHT.  O.ENT.  O.TOT. 

2.1  -0.6  0.0  0.323  -0.545  1.40 

RIR  COLUMN  MRS  OVER  WRTER  12  HOURS 
DEPTH  OF  PBL  =  1.530  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =3.0 


VALID:  6FEB32/12Z  TO  7FEB/00Z 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  03  OR  DOS  TS  03  Z3  U 

3.2  -3.0  0.333  4.7  0.7  0.125  -13.0  0.6  1.480  8.8 

VERTICAL  VELOCITY  OF  RIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  Tfl  TS  RT  RH  DO  LH  GAMMA 

12  0.41  7.2  -3.5  -12.5  -0.13  95.7  0.17  0.080  13.33 

TE  QE 
0.045  -0.112 

SENS.  RRD.  LRT.  T.ENT.  Q.ENT.  O.TOT. 

5.4  -1.2  0,8  0.488  -0.875  1.33 

RIR  COLUMN  WAS  OVER  WRTER  12  HOURS 
DEPTH  OF  FBL  =  1.600  KM 
SNOWFRLL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 


VALID:  14FEBS2.--12Z  TO  15FE&V00Z 
—  I M I T I RL  COND I T I  OUS¬ 
TS  TR  DTS  03  OR  D03  T8  08  Zo  U 

2.8  0.0  0.333  4.6  1.3  0.200  -5.5  1.3  1.510  6.5 

VERTICAL  VELOCITY  OF  RIR  PARCEL  =  O  CM/S 
—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DO  l.H  GRMMR 

12  0.15  6.1  0.3  -4.7  -0.04  67.7  0.11  0.000  7.13 

TE  QE 
0.001  -0.003 

SENS.  RRD.  LRT.  T.ENT.  Q.ENT.  O.TOT. 

1.2  -0.5  0.0  0.014  -0.017  0.55 

RIR  COLUrtN  WRS  OVER  WRTER  lO  HOURS 
DEPTH  OF  PBL  =  1.510  KM 
SNOWFRLL  «  0.0  CM 

CLOUD  AMOUNT  =0.0 
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VRLID^  19JflW3£/lZ'Z  TO  2OJaH/O0Z 
—  IMITIRL  COHDITIOMS— 

TS  TR  DTS  OS  Qfi  DQ3  T8  QS  ZS  U 

3.0  -4.0  0.417  4.8  1.3  0.142  -10.5  0.6  1.465  8,0 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CH/o 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DO  LH  GRMMfl 
12  0.31  3.0  -0.5  -7.4  -0.04  72.4  O.  13  0.000  10.49 

TE  QE 
0.011  -0.034 

SENS.  ROD.  LRT.  T.EHT.  O.EHT,  O.TOT. 

3.4  -0.5  0.0  0.142  -0.251  1.59 

RIP.  COLUMN  MRS  OVER  MRTER  12  HOURS 
DEPTH  OF  PPL  =  1.567  KM 
SNOMFRLL  =  0.0  CM 

CLOUD  RMOUNT  =3.7 


VALID =  15FEB82/00Z  TO  ISFEB/ISZ 
—  INITIAL  COND I T I ONS— 

TS  TR  DTS  QS  Qfi  DOS  TS  QS  Z3  U 

5.7  -4.0  0.111  5.72.0  0.044  -4.0  1.4  1,510  7,5 

VERTICAL  VELOCITY  OF  RIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DQ  LH  GAMMA 
12  0.29  6.7  -1.6  -1.6-0.04  59.30.11  O.OOO  5.32 

TE  QE 
0.001  -0.003 

SENS.  RRD.  LRT.  T.ENT.  Q.ENT,  Q.TOT. 

2.3  -0.5  0.0  0.014  -0.017  1.05 

RIR  COLUMN  MRS  OVER  MRTER  9  HOURS 
DEPTH  OF  PBL  =  1.510  KM 
SNOMFRLL  =  0.0  CM 

CLOUD  RMOUNT  =0,0 


VALID’  24FEB32/O0Z  TO  24FEB/127 
—  INITIRL  CONDITIONS— 

TS  TR  DTS  QS  QR  DOS  TS  Q8  28  U 

3.6  -2.0  0.250  4.82.5  0. ino  -S.00.9  1.510  7.5 

VERTICAL  VELOCITY  OF  RIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DQ  LH  GAMMA 

12  0.22  6.6  0.0  -6.0  -0.04  62.6  0.0S  O.OOO  R.32 

TE  QE 
0.001  -0.003 

SENS.  RRD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

2.5  -0.5  0.0  0.014  -0.020  0.98 

RIP  COLUMN  MRS  OVER  MRTER  12  HCiliPS 
DEPTH  OF  PBL  =  1.540  KM 
SNOMFRLL  =  0.0  CM 

CLOUD  RMOUNT  =0.0 
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VRLID:  2eFEBR2/00Z  TO  26FEB/12Z 
--INITIAL  conditions— 

TS  TR  DTS  QS  QR  DOS  T3  OS  ZS  U 

3.5  4.0  0.300  4.33.5  O.llO  -3.5  1.4  1.520  7.3 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM/S 
—RESULTS— 

TIME  SH  TS  Tfl  T8  RT  RH  DO  LH  GAMMA 
12  0.07  6.2  3.3  -3.7  -0.04  52.4  0.06  O.OOO  6.49 

TE  QE 

0.001  -0.002 

SENS.  RAD.  LAT.  T.ENT.  O.EHT.  O.TOT. 

0.3  -0.5  0.0  0.014  -0.011  0.46 

AIR  COLUMN  WAS  OVER  WATER  9  HOURS 
DEPTH  OF  PBL  =  1.520  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


VALID=  7FEB32/12Z  TO  8FEB/002 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  OS  OR  DOS  T3  08  ZS  U 

3.1  -4.0  0.333  4.72.0  0.125  -13.0  1.0  1.505  5.1 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TR  T8  RT  RH  DO  LH  GAMMA 
12  0.19  7.1  -2.0  -11.0  -0.04  79.5  0.03  0.800  12.95 

TE  QE 
0.022  -0.034 

SENS.  RAD.  LAT.  T.ENT.  Q.ENT.  O.TOT. 

2.2  -0.5  0.0  0.240  -0.266  0.S3 

AIR  COLUMN  WAS  OVER  WATER  12  HOURS 
DEPTH  OF  PEL  =  1.625  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 
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VRLID:  lRDEC81/e0Z  TO  lODEC-'tZZ 
— IHITIRL  CONDI T TOMS — 

TS  TR  DTS  OS  RR  DOS  TS  Zc'  U 

6.3  -7.0  0.500  6.0  0.S  0.333  -10.5  0.6  1 .  ■^^55  18.0 

VERTICRL  VELOCITY  HP  RIP  PCPCEL  =  1.5  r:N.-8 

—RESULTS— 
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VRLID-  l5Df'! 
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18-HOUR  FORECAST  RESULTS 


VALID'  20SEP82/QF.Z  TO  20SEF/13Z 
—  INITIAL  CONDITIONS— 

TS  TA  DT3  '  QS  QA  DOS  T3  Q3  ZS  U 

18.6  13.5  0.500  14.0  5.5  0.375  4.0  1.3  1.435  13,2 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DO  LH  GAMMA 
IS  0.3S  22.  G  15. '3  6.4  -0.04  71.0  0.46  0.000  10.92 

TE  QE 
0.012  -0.073 

SENS.  RAD.  LAT.  T.ENT.  Q.ENT.  Q.TOT. 

2.S  -0.7  0.0  0.204  -0.396  3.90 

AIR  COLUMN  NAS  OVER  WATER  8  HOURS 
DEPTH  OF  PEL  =  1.565  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =4.2 


VALID-  22SEP32/12Z  TO  23SEP-''06Z 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  QA  DQS  TS  Q8  28  U 

18.0  18.5  0.222  13.0  9.9  0.179  10.0  4.5  1.500  5.0 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM-^S 

—RESULTS— 

TIME  SH  TS  TR  T8  RT  RH  DO  LH  GAMMA 

18  0.08  22.0  18.5  10.0  -0.04  65.7  0.11  0.000  8.01 

TE  QE 
0.001  -0.004 

SENS.  RAD.  LAT.  T.ENT.  Q.ENT.  Q.TOT. 

0.6  -0.7  0.0  0.022  —£1.041  1.62 

AIR  COLUMN  WAS  OVER  WATER  18  HOURS 
DEPTH  OF  PEL  =  1 . SCO  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  0.0 


VALID'  26SEP82/00Z  TO  263EP/18Z 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  QA  DQS  TS  Q3  28  U 

17.7  10,5  0.400  12.3  2.3  0.420  -1.0  1.5  1.515  12.0 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM-'S 

—RESULTS— 

TIME  SH  TS  TA  TS  RT  RH  DQ  LH  GAMMA 

18  0.36  21.7  14.8  3.3-0.12  88.8  Q. 53  0.204  12.17 

TE  QE 
0,045  -0,325 

SENS.  PAD.  LAT.  T.ENT.  Q.ENT.  Q.TOT. 

3.9  -1.0  0.S  0.487  -1.652  5.25 

AIR  COLUMN  WAS  OVER  WATER  10  HOURS 
DEPTH  OF  PBL  =  1.615  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 
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VfiLID^  26SEP82/12Z  TO  27SEP.'-0eZ 
—  INITIRL  CONDITIONS— 

TS  Tfl  DTS  QS  QR  DQ3  TS  08  28  U 

17.7  15.0  0.500  12.2  2.7  0.575  2.5  1.3  1.515  9.5 

VERTICRL  VELOCITY  OF  RIR  PRRCEL  =  0  CM/3 

— RESULT3— 

TIME  SH  TS  TR  T3  RT  RH  DO  LH  GRMMR 
18  0.22  21.7  16.0  3.5  -0.04  67.5  0.45  0.000  12.02 

TE  QE 
0.023  -0.127 

SENS.  RRD.  LRT.  T.ENT.  O.ENT.  Q.TOT. 

1.4  -0.7  0.0  0.246  -0.543  3.42 

RIR  COLUMN  WR3  OVER  URTER  8  HOURS 
DEPTH  OF  PBL  *=  1.595  KM 
SNOWFRLL  a  0-0  CM 
CLOUD  RMOUNT  =5.4 


VRLID^  27SEP82/002  TO  27SEP/18Z 
—  INITIAL  CONDITIONS— 

TS  Tfl  DTS  QS  QR  DOS  T8  03  Z8  U 

17.7  13.0  0.500  12.2  3.0  0.575  3.0  1.2  1.520  9.5 

VERTICRL  VELOCITY  OF  RIR  PRRCEL  =  O  CM/3 
—RESULTS— 

TIME  SH  TS  Tfl  T8  RT  RH  DO  LH  GRMMfl 

18  0.30  22.7  15.1  5.1  -0.04  69.4  0.45  0.000  11.56 

TE  GE 
0.022  -0.155 

SENS.  RRD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

2.6  -0.7  0.0  0.232  -0.685  4.21 

RIR  COLUMN  WAS  OVER  WATER  10  HOURS 
DEPTH  OF  PBL  =  1.617  KM 
SNOWFRLL  =  0.0  CM 

CLOUD  RMOUNT  =5.0 


VALID!  15OCT32/00Z  TO  150CT/182 
—  INITIRL  CONDITIONS— 

TS  TR  DTS  QS  QR  DOS  TS  03  28  U 

13.8  8.0  0.364  9.5  2.5  0.318  0.0  1.4  1.570  12.0 

VERTICAL  VELOCITY  OF  FUR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TR  T8  RT  RH  DO  LH  GRMMR 
IS  0.34  17.3  11.0  3.0-0.13  83.20.350.082  9.40 

TE  QE 
0.022  -0.149 

SENS.  RRD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

3.6  -0.3  0.1  0.131  -0.587  3.91 

RIP  COLUMN  WAS  OVER  WATER  11  Hni  IP8 
DEPTH  OF  PBL  =  1.650  KM 
SNOWFRLL  =  0.0  CM 

CLOUD  AMOUNT  =4.8 


i 
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VFILID’  150CT32.'12Z  TO  16OCT/062 
—  INITIFiL  CONDITIGHS— 

TS  TR  DT3  Q3  Gfl  DQS  T8  Q3  28  IJ 

13.3  10.0  0.267  10.0  2.5  8.200  1.5  1.3  1.568  ?.4 

VERTICRL  VELOCITY  OF  RIR  PRRCEL  =  0  Cl'US 

—RESULTS— 

TIME  SH  TS  TR  T8  RT  RH  DO  LH  GRMHfl 
13  0.18  17.3  11.8  3.3  -8.84  76.8  0.23  8.088  9.32 

TE  QE 
0.011  -0.072 

SENS.  RRD.  LRT.  T.ENT.  Q.EHT.  Q.TOT. 

2.4  -0.7  0.0  0.060  -0.206  3.49 

RIR  COLUMN  UflS  OVER  WATER  15  HOURS 
DEPTH  OF  PBL  =  1.640  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  -  2.5 


VALID =  160CT32/122  TO  17OCT/0S2 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  QR  DQS  TS  QiS  28  U 

13.3  10.8  8.444  9.8  3.7  8.388  7.8  5.5  1.518  11.8 

VERTICAL  VELOCITY  OF  RIR  PARCEL  =  8  CM/S 

— RESULTS— 

TIME  SH  TS  TA  T3  RT  PH  DO  LH  GAMMA 
18  0.2?  17,8  12.4  9.4  -8.24  91.5  8.31  0.483  5.57 

TE  QE 
0.810  -0.048 

SENS.  RAD.  LAT.  T.ENT.  Q.ENT.  Q.TOT. 

2.2  -1.9  2.0  0.080  -0.234  2.77 

AIR  COLUMN  WAS  OVER  WATER  9  HOURS 
DEPTH  OF  PBL  =  1.510  KM 
SNOWFALL  =  8.0  CM 

CLOUD  AMOUNT  =4.1 


VALID-  17OCT32/082  TO  170CT/1SZ 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  QS  QA  DQS  T8  Q3  25  U 

13.5  10.0  0.880  9.8  2.5  8.488  7.8  5.8  1.488  14.7 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  8  CM/S 

—RESULTS— 

TIME  SH  TS  TR  T8  RT  PH  DQ  LH  GAMMA 

18  0.40  17.5  11.5  3.5  -8.22  87.8  8.58  8.476  6.06 

TE  QE 
0.818  -8.042 

SENS.  RAD.  LAT.  T.ENT.  Q.ENT.  Q.TOT. 

1.7  -1.2  1.0  0.847  -8.118  2.49 

AIR  COLUMN  WAS  OVER  WATER  5  HOURS 
DEPTH  OF  PBL  =  1.488  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =3.9 


208 


VRLID:  170CT32/12Z  TO  ISOCT/O^Z 
—  IHITIRL  CONDITIONS— 

TS  TR  DT3  QS  Qfl  DOS  TS  Q3  ZS  U 

13.2  14.0  0.303  9.5  5.0  0.123  9,0  4.9  1.420  lO.O 

VERTICAL  VELOCITY  OF  flIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DQ  LH  GRMMfl 
18  0.15  17.2  13.9  8.9-0.20  84.50.130,072  5.83 

TE  QE 
0.010  -0.051 

SENS.  RRD.  LflT.  T.ENT.  Q.ENT.  Q. TOT. 

0.3  -1.2  0.2  0.049  -0.177  2.56 

flIR  COLUMN  MRS  OVER  WATER  13  HOURS 
DEPTH  OF  PBL  =  1.420  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =1.9 


VALID =  130CT32/12Z  TO  19OCT/06Z 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  QS  QA  DGS  T3  Q3  ZS  U 

13.4  11.0  0.303  9.53.3  0.177  3.02.5  1.460  14.7 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TA  TS  RT  RH  DQ  LH  GAMMA 

IS  0.24  17.4  14.1  6.1  -0.19  90.9  0.29  0.343  7.76 

TE  QE 
0.010  -0.077 

SENS.  RAD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

2.9  -1.5  1.5  0.074  -0.419  4.23 

AIR  COLUMfl  WAS  OVER  WATER  13  HOURS 
DEPTH  OF  PBL  =  1.469  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  4.0 


VALID >  19OCT32/002  TO  190CT/13Z 
—  INITIAL  CONDITIONS— 


TS  TR  DTS  QS  QA  DQS 

13.2  10.0  0.500  9.2  2.5  0.350 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0 


T3  Q3  ZS  1 1 
1.5  2.1  1.450  13.9 
CM/S 


—RESULTS— 

TIME  SH  T3  TR  T3  RT  RH  DQ  LH  GAMMA 

18  0.34  17.2  13.6  5.1  -O. 13  92.3  0.49  0.653  3,34 

TE  QE 
0.010  -0.074 

SENS.  PAD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

2.9  -1.2  1.9  0.056  -0.264  4.26 

AIR  COLUMN  WAS  OVER  WATER  8  HOURS 
DEPTH  OF  PBL  =  1.490  KM 
SNOWFALL  =  0.0  CM 


CLOUD  AMOUNT  =5,5 


4 
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VRLID:  15DCTS2/122  TO  2onr.T/0?2 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  GA  DOS  T8  GS  2S  U 

13.2  13.5  0.286  3.5  3.8  8.193  5.5  2,6  1.460  10.2 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TA  TS  RT  RH  DG  LH  GAMMA 
18  0.15  17.2  13.9  5.3-0.16  84.30.240.091  7.73 

TE  QE 
0.V310  -0.06S 

SENS.  RAD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

1.1  -0.9  0.2  0.039  -0.1S5  3.56 

AIR  COLUMN  WAS  OVER  WATER  14  HOURS 
DEPTH  OF  PBL  =  1.460  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =2.0 


VALID'  220CT32/122  TO  23OCT/062 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  GA  DGS  TS  08  23  U 

12.3  10.0  0.364  9.2  5.4  0.255  G.O  3.3  1.545  5.3 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/3 

—RESULTS— 

TIME  SH  TS  TA  T8  RT  RH  DO  LH  GAMMA 
18  0.14  16.8  10.3  0.3-0.14  100.1  0.120.111  10.67 

TE  QE 
0.022  -0.045 

SENS.  RRD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

1.3  -2.5  1.2  0.300  -0.333  1.19 

AIR  COLUMN  WAS  OVER  WATER  11  HOURS 
DEPTH  OF  PBL  =  1.635  KM 

SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 


VALID'  23OCTS2/00Z  TO  230CT/18Z 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  GA  DGS  TS  G8  Z8  U 

12.6  4.0  0.333  9.0  3.0  0.233  -4.5  2.0  1.565  8.3 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM/8 
—RESULTS— 

TIME  SH  TS  TA  T8  RT  PH  DQ  LH  GAMMA 
13  0.32  16.6  7.7  -9.3-0.13  37.20.250.084  11.12 

TE  GE 
0.043  -0.160 

SENS.  RRD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

3.9  -1-3  0.6  0.433  -1.126  2.83 

AIR  COLUMN  WAS  OVER  WATER  12  HOURS 
DEPTH  OF  PBL  =  1 . 635  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 
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VfiLID=  24riC.TS2-'O0Z  TO  24rii:;T/182 
—  INTTIRL  COHDITIOHS— 

TS  TR  DTS  QS  QR  DOS  To  03  Z3 

12.4  0.0  0.500  9.0  0.0  0.350  -4.5  0.9  1.52 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM-’S 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DO  LH 

IS  0.66  16.9  6.6  2.1  -0.17  37.3  0.47  0.303 

TE  GE 
0.022  -0.165 

SENS.  RAD.  LAT.  T.EHT.  Q.EHT.  Q.TOT. 

6.7  -1.1  0.7  0.338  -0.736  4.50 

AIR  COLUMH  WAS  OVER  WATER  9  HOURS 
DEPTH  OF  PBL  =  1.612  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  6.3 


GRMMR 
9 . 63 


VALID ••  24nCT32^-'122  TO  25OCT/06Z 
—  INITIAL  CONDI TIONS— 

TS  TA  DTS  0S  QA  DOS  T8  03  Z3  U 

12.3  15.0  0.400  9.0  1.5  0.280  4.3  2.0  1.525  13.2 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/ S 

—RESULTS— 

TIME  SH  TS  TA  T8  RT  RH  DO  LH  GRMMR 

18  0.09  16.3  14.9  4.4  -0.16  92.9  0.33  0.47?  7.32 

TE  GE 
0.009  -0.072 

SENS.  RAD.  LAT.  T.ENT.  Q.ENT.  O.TOT. 

-0.1  -1.0  0.9  0.046  -0.223  4.11 

AIR  COLUMN  WAS  OVER  WATER  lO  HOURS 
depth  of  PBL  =  1.525  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =4.6 


VALID'  25OCT32./O0Z  TO  250CT/13Z 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  GS  QR  DQ3  TS  08  ZS  U 

12.3  5.0  0.308  9,0  2.5  0.215  4.5  4.0  1.530  11.5 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  T3  TR  T8  RT  RH  DO  LH  GRMMR 

15  0.36  16.3  9.4  3.?  -0.24  89.1  0.800.230  4.83 

TE  QE 
0.009  -0.068 

SENS.  RRD,  LRT.  T.ENT.  Q.EHT.  O.TOT. 

4.'9  -2,2  1.6  0.037  -0.430  4.03 

AIR  COLUMN  WAS  OVER  WATER  13  HuUF?3 
DEPTH  OF  PBL  =  1,530  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =3.4 
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VRLID-  5HOV32/O0Z  Tfi  ^iHOV / 1 8Z 
--INITIRL  COHDIT I  OUS¬ 
TS  TR  DT3  RS  QR  DOS  TO  03  23  U 

10.3  3.0  0.333  8.0  6.2  8.203  5.0  5.8  1.540  5.3 

VERTICRL  VELOCITY  OF  RIR  PRRiTEL  =  8  CM/S 

—RESULTS— 

TIME  SH  T3  TR  T8  RT  RH  DO  LH  GRMMR 

13  0.17  14.8  7.9  4.9  -8.20  38.4  8.89  0.069  6.44 

TE  QE 
0.009  -0.017 

SENS.  RRD.  LRT.  T.ENT.  8. ENT.  Q.TOT. 

1.5  -2.1  0.4  0.095  -0.112  0.82 

RIR  COLUMN  MRS  OVER  URTER  12  HOURS 
DEPTH  OF  FBL  =  1.540  KM 
SNOHFRLL  =  0.0  CM 

CLOUD  RMOUNT  =3.2 


VflLIDi  9N0V32/OO2  TO  9N0V/13Z 
—  INITIRL  CONDITIONS— 

TS  TR  DT3  QS  QR  DQS  T3  Q3  Z8  U 

10.2  4.0  0.444  7.8  3.0  0.256  -4.5  2.3  1 . 49Q  11.8 

VERTICRL  VELOCITY  OF  RIR  PRRCEL  =  0  CM/3 

—RESULTS— 

TIME  SH  TS  TR  T8  RT  RH  DQ  LH  GRMM.R 
18  0.33  14.2  7.4  -1.1  -8.15  96.70.250.251  10.2? 

TE  QE 
0.023  -0.083 

SENS.  RRD.  LRT.  T.ENT.  Q.EHT.  Q.TOT. 

0-14  15  O  904  -O  479  9  99 

nip,  COLUMN  HRS  OVER  WRTER'  9  HOURS 
DEPTH  OF  FBL  =  1 . 5S0  KM 
SNOWFRLL  «  0.0  CM 

CLOUD  RMOUNT  =9.0 


VRLID >  9HnV32/12Z  TO  10NOV/06Z 
—  INITIRL  CONDITIONS— 

TS  TR  DTS  QS  QR  DQS  T3  GS  ZS  U 

10.0  3.0  0.210  7.5  2.5  0.165  -3.5  2.5  1.485  12.  n 

VERTICRL  VELOCITY  OF  RIR  PRRCEL  =  2  CM/8 

—RESULTS— 

TIME  SH  TS  TR  T8  RT  RH  DQ  LH  GRMMR 

13  0.46  12.9  3.9  -2.6  -0.16  183.4  0.23  0.233  10.45 

TE  QE 
0.022  -0.069 

SENS.  RRD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

6.5  -2.5  3.3  0.361  -8.759  3.49 

RIR  COLUMN  HRS  OVER  WRTER  14  HOURS 
DEPTH  OF  PBL  =  1.625  KM 
SNOWFRLL  =  13.8  CM 

CLOUD  RMOUNT  =9.0 
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VALID:  10HOVS2/0O2  TO  iriHnv/l-2 
--IHITIRL  CONDI  T I  OUS¬ 
TS  Tfl  DTS  OS  Ofl  DOS  T8  QS  ZS  U 

10.0  9.0  0.333  7.56.8  0.192  1.55.0  1.400  18.5 

VERTICAL  VELOCITY  OF  RIR  PARCEL  •■=  2  Cri/8 

—RESULTS— 

TINE  SH  TS  Tfi  T3  RT  RH  DO  LH  GRflMA 
IS  0.49  14.0  8.3  0.3  -0.13  181.5  G. 14  0.218  9.43 

TE  QE 
0.025  -0.001 

SENS.  RAD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

4.7  -3.4  3.8  0.243  0.028  1.32 

AIR  COLUMN  WfiS  OVER  WATER  12  HOURS 
DEPTH  OF  PEL  =  1.455  KM 
SNOWFALL  =  15.1  CM 

CLOUD  AMOUNT  =9.8 


VALID:  10NOV82/122  TO  11 NOV/062 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  OS  OR  DOS  TS  08  ZS  U 

10.0  4.5  0.444  7.5  3.3  0.235  l.O  3.5  1.410  17.5 

VERTICAL  VELOCITY  OF  RIR  PARCEL  =  2  CM/S 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DO  LH  GRMMR 
18  0.85  14.0  3.5  0.0  -0.21  lOl.S  0.29  0.364  9.90 

TE  QE 
0.024  -0.057 

SENS.  RflD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

8.2  -3.2  3.4  0.333  -0.295  2.69 

RIR  COLUMN  WRS  OVER  WATER  9  HOURS 
DEPTH  OF  PEL  =  1.495  KM 
SNOWFALL  =  13.0  CM 

CLOUD  AMOUNT  =9.0 


VALID:  17NOV82/00Z  TO  IZNOWISZ 
—  INITIAL  CONDITIONS— 

TS  Tfi  DTS  Q3  QR  DOS  T3  03  Z3  U 

9.0  4.0  0.267  7.1  3.8  0.153  4.8  2.5  1.523  7.3 

VERTICRL  VELOCITY  OF  RIR  PARCEL  -■=  1.5  CM/S 

time"  SH*  TS  Tfi  T8  RT  RH  DQ  LH  CRMMR 

IS  0.48  13.0  -1.1  -1.1  “0.23  97.9  0.13  0.  US  9.25 
TE  QE 
0.008  -0,034 

SENS.  RAD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

5.5  -1.6  0,6  0.062  -0.174  1 . S7 

RIP  COLUMN  WAS  OVER  WATER  15  HOURS 
DEPTH  OF  PEL  =  1.548  KM 


SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 
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VRLID'  13HDV52/'12Z  TO  19NOV/06Z 
“  I H I T I  hL  CGNCi  I T I  OUS¬ 
TS  TR  DTS  OS  OR  DOS  TS  RP.  ZS  U 
S.S  11.0  0.267  7.1  6.2  O. ISS  1.0  3.4  1.535  5.3 

VERTICRL  VELOCITY  OF  flIR  PRRCEL  =  0  CM/S 

—RESULTS— 


TIME 

SH  TS 

TR 

TS 

RT  RH 

DO  LH  GRMMR 

18  0 

.06  12. 

9  10.2 

0.2  - 

-0.13  85.4 

0.06  0.044  8.29 

TE 

GE 

0.  009 

-0.014 

SENS. 

RRD. 

LRT. 

T. 

,ENT. 

Q.ENT.  0. 

TOT. 

0.  1 

-1.1 

0.1 

0. 

,062 

-0.073  0. 

62 

flIR  COLUMN  MRS  OVER  WATER  15  HOURS 
DEPTH  OF  PEL  =  1.540  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  3.1 


VALID'  19NOV82/00Z  TO  19N0V/1SZ 
—  INITIRL  CONDITIONS— 

TS  TR  DTS  OS  OR  DOS 

S.7  6.0  0.500  6.7  4.0  0.283 

VERTICRL  VELOCITY  OF  AIR  PRRCEL  =  0 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH 
18  0.19  12.7  6.3  -2.5-0.12  83. 

TE  QE 
0.023  -0.043 

SENS.  RAD.  LAT.  T.ENT.  Q.EMT. 

1.2  -0.8  0.1  0.087  -0.125 

flIR  COLUMN  WAS  OVER  WATER  8  HOURS 
DEPTH  OF  PBL  =  1.553  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =6.2 


VALID'  21N0V82/12Z  TO  22NOV/06Z 
—  INITIRL  CONDITIONS— 

TS  TR  DTS  QS  OR  DOS 

3.5  8.0  0.444  6.3  6.0  0.256 

VERTICAL  VELOCITY  OF  flIR  PARCEL  =  0 

—RESULTS— 

TIME  SH  TS  TR  T8  RT  RH 
13  0.25  12.5  8.8  -0.7-0.14  87. 

TE  QE 
0.010  -0.019 

SENS.  RRD.  LRT.  T.ENT.  Q.ENT. 

1.5  -1.0  0.3  0.055  -0.074 

flIR  COLUMN  WAS  OVER  WATER  9  HOI  iRS 
DEPTH  OF  PBL  =  1.510  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =4.3 


T3  08  Z8  U 
-3.0  2.4  1.510  7.4 

CM/S 

DO  LH  GRMMR 
1  0.13  0.042  10.06 


Q.TOT. 

0.90 


TR  03  Zr:  1 1 

-i.5  2.9  1.490  15.7 
CM/S 

DO  LH  GRMMR 
1  0. 15  0. 124  3.85 


O.TOT. 

0.97 


J 


VRLID:  22HOV32/(?0Z  TO  22HaV/13Z 
—  I N I T I  fiL  COMD I T I  OHS— 

TS  TR  DTS  QS  QR  DOS  T8  QS  Z3  U 

8.4  1.0  0.364  6.3  0.3  9.209  -ll.O  O.S  1.4S5  11.5 

VERTICAL  VELOCITY  OF  flIR  PARCEL  =  O  CM/S 
—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DO  LH  GAMMA 

18  0.33  12.4  5.3  -6.2  -0.12  99.2  0.31  0.163  12.54 

TE  QE 
0.045  -0.196 

SENS.  RAD.  LAT.  T.EHT.  Q.EHT.  Q.TOT. 

4.1  “1.2  1.4  0.564  -1.321  3.35 

AIR  COLUMN  WAS  OVER  WATER  11  HOURS 
DEPTH  OF  PBL  =  1.595  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 


VALID:  23N0V32/12Z  TO  24NOV/0R2 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  QS  QA  DOS  T3  Q3  28  U 
3.3  4.0  0.444  6.3  1.8  8.256  -11.0  8.6  1.515  13.2 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  8  CM/S 

—RESULTS— 


TIME 

SH  TS 

TR 

T8 

RT  RH 

DQ  LH  GAMMA 

18  0 

.29  12.3  7. 

3  -7.7- 

0.09  101.7 

0.34  0.224  13.23 

TE 

QE 

0.045 

-0. 190 

SENS. 

RAD. 

LAT. 

T.ENT. 

Q.EHT.  Q, 

.TOT. 

2.6 

-0.9 

1.1 

0.512 

-1.011  3. 

.03 

AIR  COLUMN  WAS 

OVER 

WATER  9 

HOURS 

DEPTH 

OF  PBL  = 

1 . 605 

KM 

SNOWFALL  =  0.4  CM 

CLOUD  AMOUNT  =9.0 


VALID:  29NOVS2/00Z  TO  29N0V/1AZ 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  QS  CR  DQS  To  Q3  28  U 

7.4  0.0  0.400  6.3  2.6  8.230  -6.0  l.S  1.468  9.5 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TR  T3  RT  PH  DQ  LH  GAMMA 

13  0.36  11.4  3.0  -3.0  -0.16  37.8  0.19  0.128  9.8'=' 

TE  QE 
0.023  -0.072 

SENS.  RAD.  LAT.  T.ENT.  Q.EWT.  Q.TOT. 

3.5  -1.1  0.3  0.255  -0.332  1.73 

AIR  COLUMN  WAS  OVER  WATER  18  HOUR;-. 

DEPTH  OF  PBL  =  1.535  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =7.3 
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VALID:  29N0V82/12Z  TO  30H0VV062 
--IHITIRL  COHDITIOHS— 

TS  Tfi  DTS  QS  QfH  DQ3  T3  Q5  28  U 

7.4  2.0  0.444  *^.3  1.5  0.253  -5.0  1.1  1.450  13.2 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  Tfl  T8  RT  RH  DO.  LH  GAMMA 
13  0.33  11.4  4.8  -2.2-0.16  35. 2  0. 23  O. 1S4  3.35 

TE  OE 
0.024  -0.110 

SENS.  RAD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

3.4  -0.9  0.2  0.111  -0.369  2.61 

AIR  COLUMN  WAS  OVER  WATER  9  HOURS 
DEPTH  OF  PBL  -  1.510  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =5.3 


VALID:  12OCT32/002  TO  120CT.-132 
—  INITIAL  CONDI  T I  OUS¬ 
TS  TA  DTS  QS  QA  DOS  TS  03  28  U 

14.0  18.0  0.000  10.0  9.9  0.000  12.0  4.5  1.570  3.: 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TA  T8  RT  RH  DQ  LH  GAMMA 

13  -.04  14.0  16.5  10.3  -0.04  47.6  O.OO  0.000  2.2 

TE  OE 

0.001  -0.001 

SENS.  RAD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

-0.9  -0.7  0.0  0.021  -0.011  0.03 

AIR  COLUMN  WAS  OVER  WATER  IS  HOURS 
DEPTH  OF  PBL  =  1.578  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


VALID'  13OCTS2/00Z  TO  1S0CT/13Z 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  QR  DOS  T8  03  28  U 

13.4  14.0  0.000  9.6  3.0  0.000  14.0  3.3  1.500  7.5 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TA  T8  RT  RH  DO  LH  GAMMA 

13  0.00  13.4  13.2  13.2  -0.04  34.5  0.03  O.OCiO  O.  lO 
TE  QE 
0.001  -0.002 

SENS.  RAD.  LRT.  T.ENT.  O.EHT.  Q.TOT. 

—0.1  —0.7  0.0  0.022  “0.024  0.69 

AIR  COLUMN  WAS  OVER  WATER  16  HOURS 
DEPTH  OF  PBL  =  1.500  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  0.8 
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VALID-  .^OCTSS/eeiZ  TO  50CTX1SZ 
—  I H I T I RL  COUD I T I ONS— 

TS  TR  DT3  Q3  Qfl  DOS  T8  Q:-;  Z3  U 

12.0  18.0  0.167  S.5  8.0  0.139  10.06.0  1.540  3.5 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  Tfl  T8  RT  RH  DO  LH  GAMMA 

IS  -.02  15.0  16.3  8.3  -0.04  73.1  0.04  0.000  4.35 

TE  CE 

0.001  -0.001 

SEH3.  RAD.  LRT.  T.EHT.  O.EHT.  Q.TOT. 

-1.0  -0.7  0.0  0.021  -0.017  0.43 

AIR  COLUMH  WAS  OVER  WATER  13  HOURS 
DEPTH  OF  PEL  =  1.540  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


VALID  =  24SEP82."00Z  TO  243EF-'-lSZ 
—  INITIAL  CONDITIONS— 

TS  Tfl  DTS  Q3  Qfl  DQS  T8  Q3  ZS  U 

14.3  13.0  0.333  10.0  9.9  0.422  10. 0  4.0  1.500  15.0 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM-'S 
—RESULTS— 

TIME  SH  TS  Tfl  T8  RT  RH  DQ  LH  GAMMA 

IS  0.05  17.3  16.3  3.3  -0.04  56.5  0.19  O.OOO  6.02 

TE  QE 

0.001  -0.002 

SENS.  RAD.  LRT.  T.ENT.  Q.EHT.  Q.TQT. 

-0.6  -0.7  0.0  0.022  -0.016  0.95 

AIR  COLUMN  WAS  OVER  WATER  9  HOURS 
DEPTH  OF  PBL  =  1.500  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


VALID-  110CT82/12Z  TO  ISOCT^'ObZ 
—  INITIAL  COND I T I  OHS— 

TS  Tfl  DTS  Q3  Qfl  DQS  TS  Q3  ZS  IJ 

11.2  17.0  0.200  8.0  7.5  0.200  5.0  3.5  1.540  8.3 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  Tfl  T8  RT  RH  DQ  LH  GAMMA 

13  -.03  14.2  14.7  2.7  -3.04  77.9  0.09  0.000  7.48 

TE  QE 

0.001  -0.002 

SENS.  RflD.  LflT.  T.EHT.  Q.EHT.  Q.TOT. 

-1.7  -0.7  0.0  0.021  -0.021  0.39 

flIR  COLUMN  Wfl3  OVER  WATER  15  HOURS 
DEPTH  OF  PBL  =  1.540  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  O.O 
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VALID:  23SEPS2/0nZ  TO  23SEF/18Z 
—  INITIAL  CONDITIONS— 

T3  TA  DTS  QS  G!A  DOS  T3  QS  Z3  U 

15.0  15.0  0.200  10.5  5.0  0.200  6.2  4.0  1.510  7.5 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM.S 

—RESULTS— 

TIME  SH  TS  TA  TS  RT  RH  DQ  LH  GAMMA 
IS  0.09  18.0  15.1  6.3-0.04  77.70.130.000  7.73 

TE  QE 
0.001  -0.004 

SENS.  RAD.  LRT.  T.EHT.  Q.ENT.  Q.TOT. 

0.3  -0.7  0.0  0.021  -0.036  1.64 

AIR  COLUMN  NAS  OVER  WATER  15  HOURS 
DEPTH  OF  PEL  =  1.510  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


VALID:  253EP82/00Z  TO  25SEP/1SZ 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  QA  DOS  TS  QS  ZS  U 

17.7  21.0  0.000  13.2  9.9  0.000  13.5  6.0  1.520  3.5 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/'S 

—RESULTS— 

TIME  SH  TS  TA  TS  RT  RH  DiQ  LH  GAMMA 
18  -.03  17.7  19.6  12.1  -0.04  63. S  0.04  9.000  3.6" 

TE  QE 

0.001  -0.002 

SENS.  RAD.  LRT.  T.EHT.  Q.ENT.  Q.TOT. 

-0.7  -0.7  0.0  0.021  -0.023  0.53 

AIR  COLUMN  WAS  OVER  WATER  18  HOURS 
DEPTH  OF  PEL  =  1.520  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


VALID:  11NOVS2/002  TO  IINOV/ISZ 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  QA  DQ3  TS  QS  ZS  U 

9.9  0.0  0.571  7.5  1.5  0.329  -1.0  2.9  1.410  20.4 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  1.5  CM/S 

—RESULTS— 

TIME  SH  TS  TA  TS  RT  RH  DQ  LH  GAMMA 
18  1.13  13.9  2.5  1.5  -0.23  100.3  0.50  0.595  S.7'^ 

TE  QE 
0.024  -0.144 

SENS.  RAD.  LAT.  T.EHT,  Q.ENT.  Q.TOT. 

9.4  -1.8  3.6  0.344  -0.731  3.79 

AIR  COLUMN  WAS  OVER  WATER  7  HOURS 
DEPTH  OF  PEL  =  1.472  KM 
SNOWFALL  =  0.3  CM 

CLOUD  AMOUNT  =8.9 
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VfiL  I D  =  24HOVS2/00Z  TO  24N0'.'y  1 SZ 
—  INITIFIL  CGHDITIOHS— 

TS  Tfi  DT3  QS  QR  DOS  TS  QS  ZS 

8.1  -5.0  0.444  6.7  0.9  0.256  -13.5  0.3  1.5: 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  Tfi  T8  RT  RH  DQ  LH 
18  0.57  12.1  1.7  -6.3  -0.14  99.9  0.33  0.222 

TE  OE 
0.045  -0.173 

SENS.  RflD.  LAT.  T.ENT.  Q.EHT.  Q.TOT. 

6.0  -1.3  1.5  0.532  -1.000  2.91 

AIR  COLUMN  NAS  OVER  WATER  9  HOURS 
DEPTH  OF  PBL  =  1.615  f^M 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 


I ! 


1 


GAMMA 

12.40 


f 


>  C'J 
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24-HOUR  FORECAST  RESULTS 


VRLID:  12MGV31/0eZ  TO  13HOV/002 
—  INITIAL  CONDITIONS— 

TS  Tfi  DTS  QS  Ofl  DOS  T8  QS  ZS  IJ 

13.6  10.0  0.000  9.3  2.6  0.000  3.0  2.2  1.520  5.6 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM/S 
—RESULTS— 

TIME  SH  T3  TR  T8  RT  PH  DO  LH  CAMMA 

24  0.09  13.6  10.3  3.3  -9.04  69.4  0.14  9, 009  6.31 

TE  QE 
0.001  -0.005 

SENS.  RAD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

1.1  -0.9  0.0  0.023  -0.040  1.92 

AIR  COLUMN  WAS  OVER  WATER  12  HOURS 
DEPTH  OF  PEL  =  1.520  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


VALID i  17NOVS1/00Z  TO  ISNOV/OOZ 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  QS  QA  DOS  TS  Q8  ZS  U 

9.9  -6.0  0.176  7.5  1.6  9.994  -7.5  1.7  1.515  7.0 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  9  CM/'S 

—RESULTS— 

TIME  SH  TS  TR  T3  RT  RH  DO!  LH  GAMMA 
24  0.37  12.9  0.1  -1.4  -0.1s  83.60.160.063  9.45 

TE  QE 
0.022  -0.039 

SENS.  RRD.  LAT.  T.ENT.  Q.ENT.  Q.TOT. 

7.3  -2.6  0.9  0.503  -0.999  2.38 

AIR  COLUMN  WAS  OVER  WATER  17  HOURS 
DEPTH  OF  PBL  =  1 . 670  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  6.6 


VALID'  13NOV81/00Z  TO  1ANOV/00Z 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  Qfl  DQS  T8  Q3  23  U 

12. S  5.0  0.000  9.1  2.0  0.000  0.0  4.0  1.520  5.9 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/3 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DQ  LH  GAMMA 
24  0.16  12.8  6.7  1.7  -0.19  101.2  9.13  0.163  7.33 

TE  QE 
0.009  -0.024 

SENS.  RRD.  LAT.  T.ENT.  Q.ENT.  Q.TOT. 

■?  S  —4  S  A  1  Cl  A':^4  -C1  ACiC:  -'4 

AIR 'column  was  over  WATER*  14  ’ HOURS 
DEPTH  OF  PBL  =  1.597  KM 
SNOWFALL  =  7.9  CM 

CLOUD  AMOUNT  =7.2 
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VALID'  '^rNOVSl/ORZ  TO  ZftHnv/C^FiZ 
—  INITIAL  CONDITIONS— 

TS  Tfl  DTS  OS  QR  DOS  TS  OS  Z'S  U 

8.6  -10.0  0.273  6.8  0.9  0.136  -16.5  0.3  1.535  12.6 

VERTICBL  VELOCITY  OF  filR  PARCEL  =  O  CM/S 
—RESULTS— 

TIME  SH  TS  TA  T8  PT  RH  DQ  LH  GAMMA 
24  0.63  11.6  0.1  -6.4-0.15  97. 9  O. 28  0. 160  11.76 

TE  QE 
0.044  -0.178 

SENS.  RAD.  LAT.  T.ENT.  Q.EMT.  Q.TOT. 

9.1  -1.9  2.1  0.733  -1.328  3.31 

AIR  COLUMN  NAS  OVER  NRTER  11  HOURS 
DEPTH  OF  PEL  =  1.645  KM 
SNOWFALL  =  0.9  CM 

CLOUD  AMOUNT  =9.0 


VALID:  SH0V31/12Z  TO  5N0V/12Z 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  OS  QR  DOS 

11.4  5.0  0.270  0.5  1.7  0.150 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  1 

—RESULTS— 

TIME  SH  TS  TA  T8  PT  RH 
24  0.25  14.4  5.6  -6.9  -0.04  25. 

TE  QE 

0.022  -0.001 

SENS.  RAD.  LAT.  T.ENT.  Q.ENT, 

2.7  -0.9  0.0  0.52S  -0.129  - 

AIR  COLUMN  WAS  OVER  WATER  11  HOURS 
DEPTH  OF  PEL  =  1.655  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


T8  Q3  Z8 
-7.5  0.9  1.545 
Cr'V'S 

DQ  LH  G 
3  0.0'2  0.060 


Q.TOT. 

0. 08 


IJ 

7.0 


AMMR 

13.7-i 


VALID:  14N0V32/122  TO  15NriV/12Z 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  QA  DOS  TS  Q8  Z8  U 

13.3  13.0  0.000  9.5  7.1  0.000  8.0  3.3  1.506  8.0 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  1.5  CM/S 

— RESI ILTS— 

TIME  SH  TS  TA  T8  RT  RH  DQ  LH  GAMMA 

24  0.26  13.3  6.0  1.0  -0.17  82,9  0.06  0.021  0.22 

TE  QE 
0.010  -0.020 

SENS.  RAD.  LAT.  T.ENT.  Q.ENT.  Q.TOT. 

2.7  -1.2  0.0  0.046  -0.060  0.37 

AIR  COLUMN  WAS  OVER  WATER  12  HOUR’S 
DEPTH  OF  PEL  =  1.505  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  2.1 


J 
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VRLID  --  17H0VS1/12Z  TO  ISHOV/ISZ 
"INITIRL  CONDITIGMS— 

TS  TR  DTS  GS  Qfi  DOS  TS  QS  23  U 

3.3  3.0  0.250-  7.6  1.7  0.133  -2.5  1.4  1.525  3.3 

VERTICRL  VELOCITY  OF  filR  PARCEL  =  0  Cri/S 

—RESULTS— 

TIME  SH  TS  TR  T8  RT  RH  DQ  LH  GRMMR 

24  0.27  12.9  5.3  -0.2  -Q. 15  81.9  8.19  0.041  3.57 

TE  QE 
0 . 009  -0 . 044 

SENS.  RRD.  LRT.  T.ENT.  G.ENT.  Q.TOT. 

3.3  “1.0  0.0  0.036  -0.084  2.42 

flIR  COLUMN  WRS  OVER  WRTER  12  HOURS 
DEPTH  OF  PBL  *  1.585  KM 
SNOUFRLL  =  0.0  CM 

CLOUD  AMOUNT  =2.6 


VRL I D  ^  25N0VS 1/122  TO  26N0V/ 1 22 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  QA  DOS  T3  03  23  U 

11.9  10.0  0.000  8.8  5.0  0.000  -1.5  3.5  1.510  5.5 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TR  T8  RT  RH  DQ  LH  GAMMA 

24  0.04  11.9  10.1  -1.4  -0.13  101.2  0.06  9.067  3.32 

TE  QE 
0.009  -0.015 

SENS.  RAD.  LRT.  T.ENT.  Q.EHT.  Q.TOT. 

0.9  -3.1  2.0  0.236  -0.294  1.53 

AIR  COLUMN  WAS  OVER  WATER  20  HOURS 
DEPTH  OF  PBL  =  1.612  KM 
SNOWFALL  =  6.3  CM 

CLOUD  AMOUNT  =  9.0 


VALID--  27N0VS2/122  TO  28H0V/122 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  QA  DQS  TS  Q8  23  U 

8.6  -8.0  0.133  6.3  1.3  0.094  -10.5  0.9  1.549  9. ’5 

VERTICRL  VELOCITY  OF  AIR  PARCEL  =  A  CM/S 
—RESULTS—  . 

TIME  SH  TS  TA  TS  RT  RH  DQ  LH  GAMMA 

24  0.46  11.6  -0.0  -2.5  -9.16  33.6  0.33  0.039  9.17 

TE  QE 

0.021  -0.102 

SENS.  RAD.  LAT.  T.ENT.  Q.ENT.  Q.TOT. 

9.0  -1.7  0.3  0.437  -1,000  3.23 

AIR  COLUMN  WAS  OVER  WATER  15  HOI  Ip3 
DEPTH  OF  PBL  =  1.685  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =4.4 
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VRLID=  3DECS1/00Z  TO  4DEC/O0Z 
—  IHITIRL  COHDITIOHS— 

TS  Tfl  DT3  QS  Gfl  DOS  TS  Q3  Z8  U 

10.9  3.0  0.000  0.0  3.8  0.000  -6.7  2.2  1.535  6.0 

VERTICfiL  VELOCITY  OF  RIR  PRRCEL  =  Q  CM/8 
—RESULTS— 


TIME  SH  TS  TR 

T8  RT  RH 

1  DQ 

LH  GAMMA 

24  0.15  10. 9  5. 

TE  QE 

0.021  -0.046 

0  -4.7  -0.13  96. 

6  0.00 

0.050  10.05 

SENS.  RAD.  LAT. 

T.ENT.  Q.ENT, 

Q.TOT. 

2  PJ  —2  ^  0 

air” COLUMN  WAS  OVER 

0.683  —0.644 

WATER  16  HOURS 

1.52 

DEPTH  OF  PBL  =  1.715  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 


VALID!  4DECS1/00Z  TO  5DEC/00Z 
—  INITIAL  COND I T I  DNS— 

TS  TR  DT3  QS  QR  DOS  T3  QS  Z3  U 

7.7  -7.0  0.188  6.5  1.2  3.093  -lO.O  0.3  1.510  lO.O 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TA  TS  RT  RH  DO  LH  GAMMA 
24  0.47  10.0  -1.0  -4.0  -0.16  83.5  0.19  0.053  9.25 

TE  QE 
0.022  -0.092 

SENS.  RAD.  LAT.  T.ENT.  Q.EHT.  0.TOT. 

6.7  -1.4  0.2  0.481  -0.633  2.55 

AIR  COLUMN  WAS  OVER  WATER  12  HOURS 
DEPTH  OF  PBL  =  1.620  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =4.5 


VALID!  5DEC3 1/002  TO  6DEC/00Z 
—  INITIAL  CONDITIONS— 

TS  TA  DT3  QS  Qfl  DQ3  T8  QS  Z3  U 

6.6  -7.0  0.500  6.0  1.1  0.225  -11.5  0.6  1.535  ll.n 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TA  T8  RT  RH  DQ  LH  GAMMA 

24  0.61  10.6  -2.2  -6.7  -0.04  73.9  8.24  O.OOO  11.39 
TE  QE 
0.022  -0.070 

SENS.  RAD.  LAT.  T.ENT.  Q.EHT.  Q.TOT. 

5.1  -0.9  0.0  0 . 535  -0 . 443  1 . 94 

AIR  COLUMN  WAS  OVER  WATER  8  Hnnps 
DEPTH  OF  PBL  =  1.615  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =  5.9 
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VRLID-'  6DECS1/00Z  TO  7DEC--002 
--IfUTIflL  COHDITIGNS— 

TS  Tfl  DTS  QS  QR  DOS  TO  03  Z3  U 

<5.6  3.0  0.333  6.0  1 . 3  O.  150  -6.51.31. 515  8. 0 

VERTICRL  VELOCITY  OF  RIR  FRRCEL  =  O  Cf1/S 
—RESULTS— 

TIME  SH  TS  Tfi  T3  RT  RH  DO  LH  GRMMR 

24  0.21  10.6  4.4  -5.1  -0.14  90.6  O.l?  0.133  10.34 

TE  GE 
0.022  -0.076 

SEH3.  RRD.  LOT.  T.EMT.  O.EHT.  O.TDT. 

2.2  -1.3  0.4  0.193  -0.459  2.00 

RIR  COLIJMH  WfiS  OVER  WATER  12  HOURS 
DEPTH  OF  FBL  =  1.610  KM 
SHOWFRLL  =»  0.0  CM 

CLOUD  AMOUNT  =9.0 


VALID =  7DEC3 1/002  TO  SDEC/OOZ 
—  I H I T I RL  COND I T I  OHS— 

TS  TR  DTS  QS  Qfi  DOS  T3  03  Z3  U 

6. 4  -6. a  0. 333  6.01.0  0. 1 50  - 1 1 . 0  1 . 6  I . 500  12.0 

VERTICRL  VELOCITY  OF  RIR  PARCEL  =  O  CM/’S 
—RESULTS— 

TIME  SH  TS  Tfl  TS  RT  RH  DQ  LH  GRMMR 
24  0.51  9.7  0.2  -4.8-0.17  101.00.240.248  9.67 

TE  QE 
0.023  -0.076 

SENS.  RRD.  LRT.  T.ENT.  O.EHT.  O.TQT. 

6.2  -3.6  2.6  0.933  -0.768  2.59 

RIR  COLUMN  WRS  OVER  WATER  10  HOURS 
DEPTH  OF  FBL  =  1.597  KM 
SNOWFALL  =  2.4  CM 

CLOUD  RMOUNT  =9.0 


VALID!  8DEC3 1/002  TO  9DEC/002 
—  I N I T I  RL  COND  I T I ONS— 

TS  TR  OTS  OS  9.R  DOS  T3  08  23  U 

6.2  2.0  0.267  5.9  1.7  0.120  -4.0  1.3  1.510  7.5 

VERTICRL  VELOCITY  OF  RIR  PARCEL  =  0  Ct1/S 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DO  LH  GRMMR 
24  0.21  10.2  3.3  -2.2-0.15  33.30.140.043  3.22 

TE  QE 
0.009  -0.040 

SENS.  RRD.  LPT.  T.ENT.  O.EHT.  O.TDT. 

2.3  -1.1  0.1  0.045  -0.118  2.09 

RIR  COLUMN  WAS  OVER  WATER  15  HOURS 
DEPTH  OF  PEL  =  1.520  KM 
SNOWFALL  =  0.0  CM 

CLOUD  RMOUNT  =2.4 


VALID'  9DECol/00Z  TO  lODEC/noz 
—  I H I T I AL  COND I T I OWS— 

TS  TA  DT3  Q3  DA  DD3  T3  DA  73  II 

6.1  2.0  0.210  5.9  1.6  0.094  -2.5  1.3  1.550  6.6 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM/3 
— RE3ULT3-- 

TIME  SH  T3  TA  T3  RT  RH  DQ  LH  GAMMA 
24  0.18  10.1  3.7  -0.3-0.13  89.1  0.120.077  7.04 

TE  QE 
0.009  -0.041 

SENS.  RAD.  LAT.  T.ENT.  Q.EHT.  D.TOT. 

2.9  -1.7  0.3  0.077  -0.255  2. 23 

AIR  COLUMN  WAS  OVER  WATER  19  HOURS 
DEPTH  OF  PBL  =  1.550  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =3.4 


VALID'  10DEC31/O0Z  TO  1  IDEC/FiPiZ 
—  INITIAL  CONDITIONS— 

T3  TA  DTS  DS  DA  DQ3  TS  Q3  28  U 

6.0  2.0  0.250  5.82.2  0.112  -3.02.01.553  5.3 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM/S 
—RESULTS— 

TIME  SH  TS  TA  T3  RT  RH  DQ  LH  GAMMA 

24  0.15  10.0  2.9  -2.1  -0.15  83.3  0.09  0.031  7.33 

TE  QE 
0.009  -0.027 

SENS.  RAD.  LAT.  T.ENT.  Q.EHT.  Q.TOT. 

2.0  -1.2  0.1  0.052  -0.104  1.36 

AIR  COLUMN  WAS  OVER  WATER  16  HOURS 
DEPTH  OF  PBL  =  1.55©  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =1.6 


VALID'  4DEC31/122  TO  5DEC/12Z 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  DR  DOS  T8  QlS  Z3  1 1 

6.9  -1.0  0.210  6.1  1.2  0.100  -11.0  0.6  1.525  7.5 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM/3 
—RESULTS— 

TIME  SH  TS  TA  T3  RT  PH  DQ'  LH  GAMMA 
24  0.23  10.9  3.2  -6.8  -0.04  79.3  0.16  0.001  11.59 

TE  QE 
0.021  -0.074 

SENS,  RAD.  LAT.  T.ENT.  Q.ENT.  Q.TOT. 

4.7  -1.1  0.1  0.602  -1.335  2.93 

AIR  COLUMN  WAS  OVER  WATER  1*^  HOi  IRA 
DEPTH  OF  PBL  =  1.715  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =8.2 


VRLIC'=  SDEC31/12Z  TO  9C'EC/122 
—  INITIRL  CONDI  T I  OHS— 

T3  TR  DTS  QS  QR  DOS  TO  03  ZO  U 

6.2  -5.0  0.310  5.3  1.8  0.150  -6.5  1.4  1.540  ID. 3 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM^S 

— RESULTS— 

TINE  SH  TS  TA  TS  RT  RH  DO  LH  GAMiiR 

24  0.46  10.2  0.4  -1.1  -0.13  85.4  0.17  0.128  7.37 

TE  QE 
0.009  -0.041 

SENS.  RRD.  LRT.  T.ENT.  Q.EHT.  Q.TOT. 

6.5  -1.5  0.3  0.059  -0.177  2.35 

flip.  COLUMN  UR3  OVER  WATER  13  HOURS 
DEPTH  OF  PBL  =  1.605  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =2.2 


VALID'  14DEC31/122  TO  15DEC/12Z 
“INITIAL  CONDITIONS-- 

TS  TA  DTS  QS  OR  DOS  T3  08:  Z8  U 

5.4  -4.0  0.500  5.5  0.9  0.250  -12.0  l.O  1.530  15.0 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CIVS 

—RESULTS— 

TIME  SH  TS  TA  T8  RT  RH  DO  LH  GAMMA 

24  0.-54  9.4  1.3  -6.7  -0.14  100.  1  0.31  0.335  10.55 

TE  OE 
0.022  -0.081 

SENS.  RAD.  LAT.  T.ENT.  Q.ENT.  Q.TOT. 

4.8  -1.4  1.3  0.605  -0.669  2.46 

AIR  COLUMN  WAS  OVER  WATER  8  HOURS 
DEPTH  OF  PBL  =  1.610  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 


VALID:  19DEC81.''12Z  TO  SODEC:/ 1 2Z 
--INITIAL  CONDITIONS— 

TS  TA  DTS  QS  OA  DOS  TS  03  ZS  U 

5.2  -4.0  0.400  5.5  1.0  0.200  -4.5  0.6  1.500  15.3 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  ClD'o 

--RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DO  LH  GAMMA 

24  0.36  9.2  1.2  0.7  -0.04  63.5  0.26  0.000  5.66 

TE  QE 
0.001  -0.007 

SENS.  RRD.  LAT.  T.ENT-  Q.ENT.  Q.TOT. 

6.1  —0.9  0.0  ti.U29  —€'.045  C.S2 

AIR  COLUMN  WAS  OVER  WATER  10  HOURS 
DEPTH  OF  PBL  =  1.500  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


/ 
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VfiLID=  2tZiDEC81/12Z  TO  21DEC/12Z 
—  I H I T I RL  COMD I T I ONS— 

TS  TR  DTS  OS  OR  DOS  T8  08  Z8  U 

5.1  -2.0  0.250  5.32.0  0.125  -2.0  1.8  1.510  7.4 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM/S 
— RESULTS-- 

TIME  SH  TS  TA  TS  RT  RH  DO  LH  CRMMfl 
24  0.26  9.1  1.2  1.2  -0.04  65. 5  0.  13  9. 000  5.20 

TE  QE 
0.001  -0.005 

SENS.  RRD.  LAT.  T.EHT.  Q.EHT.  O.TOT. 

4.1  -0.9  0.0  0.029  -0.050  2.05 

AIR  COLUMN  NAS  OVER  WATER  16  HOURS 
DEPTH  OF  FBL  ==  1.510  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


VALID:  23DEC81/122  TO  24DEC/12Z 
—  I N I T I AL  COND I T I  OUS¬ 
TS  TR  DTS  OS  OR  DOS  T8  08  Z8  U 

5.0  -4.0  0.250  5.5  1.8  0.125  -7.5  0.6  1.500  9 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DO  LH  GAMM 

24  0.33  9.0  1.0  -2.3  -0.04  76.5  0.14  0.000  7. 

TE  GE 
0.001  -0.006 

SENS.  RRD.  LRT.  T.ENT.  Q.EHT.  O.TOT. 

5.3  -0.9  0.0  0.023  -0.056  2.38 

AIR  COLUMN  WAS  OVER  WATER  16  HOURS 
DEPTH  OF  FBL  =  1.580  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


VALID:  2SDEC31/12Z  TO  29DEC/12Z 
—  INITIAL  CONDITIONS— 


TS 

Tfl 

DTS 

03  OR 

DOS  T8  QS 

:  ZS  U 

4«  7 

-8.0 

0.400 

5.2  0.7 

0.150  -13.0  0. 

5  1.480  8.8 

VERTH 

:AL  VELOCITY  OF 

AIR  PARCEL  =  0  CM/S 

— RESI 

JLTS— 

TIME 

SH  T3 

TR 

1  O 

RT  RH  DO 

LH  GAMMA 

24  1 

3.46  9. 

5  -2, 

5  -7.5 

3.04  77.5  0.18 

0.000  11.49 

TE 

GE 

0.02: 

3  -0.075 

SENS. 

RAD . 

LRT. 

T.ENT. 

Q.ENT.  O.TOT. 

5.8 

-0.9 

0.0 

0.549  • 

-0.644  2.17 

AIR  COLUMN  WAS 

OVER 

WATER  12 

HOURS 

DEPTH 

OF  PBL  = 

1 . 600 

KM 

SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =7.4 


I 


i 


>T>  j;i 
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VALID  =  l.JflH32/0OZ  TO  2JAH/00Z 
— I N I T I AL  COMD I T I OHS- - 

IS  TR  DTS  QS  QR  DQS  TS  Q8  Z3  U 

4.4  -7.0  0.330  5.2  1.5  0.150  -9.0  0.9  1.4&0  7.0 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/3 

—RESULTS— 

TIME  SH  TS  TR  T3  RT  RH  DO.  LH  GRMMR 
24  0.36  8.4  -3.2  -5.2-0.04  67.90.130.000  9.13 

TE  QE 
0.011  -0.031 

SEHS.  RRD.  LRT.  T.EHT.  Q.ENT.  O.TOT, 

4.4  -0.9  0.0  0.276  -0.233  1.59 

flIR  COLUMN  UnS  OVER  WATER  12  HOURS 
DEPTH  OF  PEL  =  1.570  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


VALID'  2JRN32/002  TO  3  JRN/QOZ 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  QR  DQS  T3  Q8  Z3  U 

8.3  6.0  0.000  6.8  4.5  O.OOO  9.0  0.9  1.530  2.3 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM/S 
—RESULTS— 

TIME  SH  TS  TA  T8  RT  RH  DQ  LH  GAMMA 
24  0.03  8.3  5.3  -0.2  -0.04  32.7  0.92  0.000  5.52 

TE  QE 

0.001  -0.002 

SENS.  RAD.  LAT.  T.EHT.  Q.EHT.  Q.TDT. 

0.7  -0.9  0.0  0.028  -0.031  0.61 

AIR  COLUMN  WAS  OVER  WATER  24  HOURS 
DEPTH  OF  PEL  =  1.530  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 


VALID'  4.JRN32/00Z  TO  5 JAN/002 
—  INITIAL  CONDITIONS— 

TS  Tfl  DTS  QS  QA  DQS  TS  Q3  ZS  U 

4.1  -13.0  0.230  5.0  0.5  0.110  -12.0  0.8  1.500  S.O 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DQ  LH  GAMMA 

24  0.51  6.4  -3.0  -7.0  -0,04  77.1  0. IS  0.000  8.90 

TE  QE 
0.011  -0.033 

SENS.  RRD.  LRT.  T.EHT.  Q.FNT.  Q.TOT. 

5.7  -0.9  0.0  0.273  -0.262  1.56 

AIR  COLUMN  WAS  OVER  WATER  10  Hnnps 
DEPTH  OF  PEL  =  1.587  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =1.7 
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VALID*  8JANS2.-"O02  TO  9JhH.-'002 
“INITIAL  CONDITIONS— 

TS  TA  DT3  CJ3  QA  DOS  T3  03  Z3  U 

3.3  -S.O  0.440  4.9  1.5  0.190  -3.0  1.3  1.440  8.3 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  .5  CM/S 

--RESULTS— 

TIME  SH  TS  TA  TS  RT  RH  DO  LH  GAMMA 
24  0.69  7.S  -8.9  -3.9  -0.25  S8.S  0.  IF  0,13'^*  8.Fr^ 

TE  QE 
0.010  -0.027 

SENS.  RAD.  LAT.  T.EHT.  Q.ENT.  O.TOT. 

6.1  -1.7  0.5  0.065  -0.109  1.36 

AIR  COLUMN  WAS  OVER  WATER  9  HOURS 
DEPTH  OF  PEL  =  1.445  KM 
SNOWFALL  =  0.0  Ct1 

CLOUD  AMOUNT  =3.7 


VALID*  9.JANS2/00Z  TO  10JAH/002 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  Q3  QA  DOS  TS  03  2S  U 

7.8  0.0  0.000  6.8  3.3  0.000  -2.5  1.4  1.450  5.0 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  .5  CM/S 

—RESULTS— 

TIME  SH  TS  TA  T8  RT  RH  DO  LH  GAMMA 

24  0.20  7.8  -1.1  -3 . 6  -0 . 04  69 .9  0 . 06  0 . 000  7 . 86 

TE  OE 
0.001  -0.003 

SENS.  RAD.  LAT.  T.ENT.  Q.ENT.  O.TOT. 

3.4  -0.9  0.0  0.029  -0.035  I.IO 

AIR  COLUMN  WAS  OVER  WATER  16  HOURS 
DEPTH  OF  PEL  =  1.538  KM 
SNOWFALL  =  0,0  CM 

CLOUD  AMOUNT  =0.0 


VALID'  10JAN82/n0Z  TO  IIJAN/OOZ 
—  I N I T I AL  COND I T I  OUS¬ 
TS  TA  DTS  QS  QA  DOS  TS  Q3  ZS  U 

7.7  1.0  0,000  6.5  2.5  0,000  6.0  2.7  1.460  S.O 

VERTICAL  VELOCITY  OF  AIR  PARCEL  --  8  CM/S 

—RESULTS— 

TIME  SH  TS  TR  T8  RT  RH  DQ  LH  GAMMA 

24  0-19  7.7  2.3  7.3  -8.04  52.0  8.  lO  O.OOO  -0.10 

TE  QE 
0.001  -0.004 

SENS.  RAD.  LAT.  T.ENT.  Q.ENT.  Q.TOT. 

2.7  -0.9  0.0  0.030  -0.036  1.49 

AIR  COLUMN  WAS  OVER  WATER  12  HOURS 
DEPTH  OF  PEL  =  1.468  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =0.0 
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VRLID=  ll.JRH;=i2/'00Z  TO  12JRH/00Z 
—  IHITIflL  COHD  IT  I  OUS¬ 
TS  TR  DTS  QS  Qfl  DOS  TS  03  23  U 

3.7  -15.0  0.440-  4.9  0.3  8.190  -22.0  0.3  1.450  13.3 

VERTICRL  VELOCITY  OF  RIR  PRRCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  T3  TR  TS  RT  RH  DO  LH  CRMMR 
24  0.32  7.7  -5.2  -12.2  -0.14  100.9  8.23  0.289  13.68 

TE  OE 
0.047  -0.151 

SENS.  RRD.  LRT.  T.EHT.  Q.ENT.  Q.TOT. 

9.1  -1.5  1.5  0.707  -0.937  2.59 

RIR  COLUMN  MRS  OVER  l-JRTER  3  HOURS 
DEPTH  OF  PEL  =  1.540  KM 
SNOWFRLL  =  1.7  CM 

CLOUD  RMOUHT  =9.8 


VRLID^  12JRN82V00Z  TO  13JRH/002 
—  IMITIRL  CONDITIONS— 

TS  TR  DTS  QS  QR  DOS  TS  03  23  U 

3.6  -17,0  0.444  4.8  0.3  0.139  -20.5  0.5  1.508  13.0 

VERTICRL  VELOCITY  OF  RIR  PRRCEL  =  O  CM-'S 
—RESULTS— 

TIME  SH  TS  TR  T3  RT  RH  DO  LH  GRMMR 
24  0.36  7.6  -7.3-10.8-0.17  99.40.260.133  12.25 

TE  OE 
0.043  -0.144 

SENS.  RRD.  LRT.  T.ENT.  Q.EHT.  Q.TOT. 

9.4  -1.7  1.4  0.708  -0.893  2.36 

RIR  COLUMN  MRS  OVER  WRTER  9  HOURS 
DEPTH  OF  PEL  =  1.590  KM 
SNOWFRLL  =  0.2  CM 

CLOUD  AMOUNT  =9.0 


VALID  =  13JRN32/002  TO  HJRN^'OOZ 
—  INITIRL  CONDITIONS— 

TS  TR  DTS  QS  Qfl  DOS  TS  Q3  ZS  U 

3.5  -14.0  0.400  4.3  0.4  0.170  -20.0  0.3  1.430  11.2 

VERTICAL  VELOCITY  OF  RIR  PRRCEL  =  O  CM/S 
—RESULTS— 

TIME  SH  TS  TR  T3  RT  RH  DO  LH  CRMMfl 
24  0.63  7.5  -6.1  -12.1  -0.15  92,3  0.23  0.133  13.27 

TE  OE 
0.046  -0,133 

SENS.  RRD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

7.9  -1.5  0.3  0.691  -0.399  2.25 

RIR  COLUMN  WAS  OVER  WATER  10  HOURS 
DEPTH  OF  PEL  =  1.530  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 
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VRLID'  14.JflH82/Q0Z  TO  15JflH/00Z 
—  INITIRL  C0HDITI0H3— 

T5  Tn  DT3  QS  Qfl  DOS  TO  08  23  U 

7.4  -4.0  0.000  6.3  1.2  O.OOO  -7.5  1.5  1.470  3, 

VERTICftL  VELOCITY  OF  RIR  PARCEL  =  .75  CM-'S 

—RESULTS— 

TiriE  SH  TS  TR  TS  PT  PH  DO  LH  GhMIIR 
24  0.55  7.4  -4.7  -8.2-0.13  93.20.130.150  10.6 

TE  QE 
0.023  -0.050 

SENS.  RRD.  LRT.  T.EHT.  O.ENT.  Q.TOT. 

4.3  -1.7  1.0  0.618  -0.507  1.47 

RIR  COLUMN  MRS  OVER  WATER  7  HOURS 
DEPTH  OF  PEL  =  1.540  Ktl 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 


VALID;  19JflN32Y002  TO  20JRN/002 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  QS  QA  DOS  TS  QS  Z8 

3.3  -16.0  0.444  4.S  0.4  0.167  -15.5  0.5  1.47 

VERTICAL  VELOCITY  OF  RIR  PARCEL  =  O  CM/S 
—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DQ  LH 
24  0.92  7.3  -6.8  -6.3-0.20  85.1  8.250.166 

.  TE  QE 
0.023  -0.092 

SENS.  RRD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

9.3  -1.3  0.3  0.534  -9.545  2.44 

RIR  COLUMN  WAS  OVER  WATER  9  HOURS 
DEPTH  OF  PEL  =  1.555  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =4.9 


IJ 

0  14. 


GRMMR 


VALID;  11.JRN32/122  TO  12JRH/'122 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  QS  QR  DOS  TS  03  ZS  U 

3.6  -14.0  0.222  4.8  0.3  0.039  -26.0  0.2  1.479  9. 

VERTICAL  VELOCITY  OF  RIR  PARCEL  =  0  CiU'S 

—RESULTS— 

TIME  SH  TS  TR  TS  RT  RH  DQ  LH  GAMMA 

24  0.42  7.6  -2.9  -14.9  -0.10  190.2  9.17  9.072  15.3 

TE  QE 
0.044  -0.125 

SENS.  RRD.  LRT.  T.ENT.  Q.ENT.  Q.TOT. 

10.2  -1.3  1.3  0.904  -1.625  3.21 

RIR  COLUMN  WAS  OVER  WATER  IS  HOURS 
DEPTH  OF  PEL  =  1.650  KM 
SNOWFALL  =  3.6  CM 

CLOUD  AMOUNT  =  9.9 
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VALID:  15JRHS2.--12Z  TO  20JflH/122 
—  I N I T I RL  COHD I T I  OUS¬ 
TS  TA  DTS  Q3  Qfl  DQS  T3  Q3  ZS 

4.3  -4.0  0.140  5.2  1.0  0.050  -9.0  0.7  1.4 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  O  CM/S 
—RESULTS— 

TIME  SH  TS  TA  TS  RT  RH  DQ  LH 
24  0.24  7.4  0.5  -4.5  -0.17  91.9  O. 10  O.OS? 

TE  QE 
0.009  -0.045 

SENS.  RAD.  LAT.  T.EHT.  O.ENT.  Q.TOT. 

5.8  -2.0  0.6  0.122  -0.411  2.71 

AIR  COLUMN  WAS  OVER  WATER  22  HOURS 
DEPTH  OF  PBL  =  1.592  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =4.5 


VALID:  26JAN32/122  TO  27JAN/12Z 
—  liJITIAL  CONDITIONS— 

T3  TA  DTS  QS  OR  DOS  T8  OS  ZS 

3.1  -8.0  0.308  4.8  0.4  0.115  -20.0  0.4  1,5 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TA  TS  RT  RH  DO  LH 
24  0.39  7.1  -1.5  -13.5  -0.10  101.3  0.20  0.105 

TE  OE 
0.044  -0.124 

SENS.  RAD.  LAT.  T.ENT.  Q.ENT.  O.TOT. 

6.0  -1.5  1.3  0.764  -1.172  2.59 

AIR  COLUMN  WAS  OVER  WATER  13  HOURS 
DEPTH  OF  PBL  =  1.635  KM 
SNOWFALL  =  2.0  CM 

CLOUD  AMOUNT  =9.0 


VALID:  6FEB82/00Z  TO  7FEB/00Z 
—  INITIAL  CONDITIONS— 

TS  TA  DTS  QS  OR  DAS  TS  08  Z8 

2.9  -10.0  0.222  4.8  0.5  O.nss  -16.1  0.4  1.5 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/8 

—RESULTS— 

TIME  SH  TS  TA  T8  RT  RH  DO  LH 

24  0.33  6.9  -1.4  -7.5  -0.15  95.6  0.17  0.104 

TE  OE 
0.022  -0.096 

SENS.  PAD.  LAT.  T.ENT.  O.RNT.  O.TOT. 

P;  Q  — ';•  2  1  n  ^7*4  —1 

air’ COLUMN  WAS  OVER  WATER  13  HOURS 
DEPTH  OF  PBL  =  1.672  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =9.0 


IJ 

80  8.0 


GAMMA 

3.00 


IJ 

05  10.5 


GAMMA 
1 3 . 70 


IJ 

00  11.0 


GAMMA 

9.68 


VALID-  12FEB82/122  TO  13FEB/12Z 
—  INITIAL  CONDITIONS— 

TS  TR  DTS  QS  QA  DQ3  T3  Q3  2S  U 

3.8  3.0  0.200  5.0  2.0  0.070  -*5.0  1.5  1.540  4. 

VERTICAL  VELOCITY  OF  AIR  PARCEL  =  0  CM/S 

—RESULTS— 

TIME  SH  TS  TA  T8  RT  RH  DO  LH  GAMMf 

24  0.0S  6.8  2.8  -6.2  -0.11  82.5  0.07  0.022  S.- 

TE  QE 
0.009  -0.020 

SENS.  RAD.  LAT.  T.EHT.  Q.ENT.  0.TOT. 

0.3  -1.1  0.0  0.044  -0.064  0.96 

AIR  COLUMN  WAS  OVER  WATER  15  HOURS 
DEPTH  OF  PBL  =-  1.555  KM 
SNOWFALL  =  0.0  CM 

CLOUD  AMOUNT  =2.6 


APPENDIX  H 


EXAMPLE  OF  A  SNOW  FORECAST 
FOR  SEOUL,  KOREA 


VfiLID^  15DEC:31  •■'Q0Z  TO  l^DEC^'-iaZ  <  SEOUL..  KOSER'^ 

--ihittrl  cohditiohs— 


T3 

TR 

DT3 

QS  Qn  DOS 

TS 

OS 

'  TO 

L 

5. 

5  -5.0 

0. 

103 

5.7  0.6  0.042  -12 

,5  0. 

9  1 , '■'-50  IS 

'-I 

ERTICRL  VELOCIT 

Y  OF 

RIR  FRRCEL  = 

2  Cr'1 

/S 

-RE 

SI  ILTS — 

I  ME 

sh’ 

TS 

TR 

T8  RT 

RH 

DO 

LH 

GRMMR 

1 

0.94 

5.6 

-4.4 

-11.9  -0.04 

52 . 0 

0.45 

0.  000 

12. 

09 

2 

0.R9 

5.7 

-3.9 

-11.4  -0.04 

74.0 

0,  42 

0 . 000 

11. 

80 

0.85 

S  '-1 

—8  8 

-10.7  -0.15 

91.2 

0.38 

0.325 

11. 

*7'  0 

4 

0.79 

5!9 

-2!  4 

-9 ..9  -0.  15 

1  00  .  1 

1^1  a  3  to 

0,426 

10. 

QO 

5 

0.72 

6.0 

-1.8 

-9.3  -0.  15 

105.  0 

0.34 

0.  348 

10. 

59 

6 

0.68 

6.  1 

-1.2 

-8.7  -0,  15 

107.4 

0 . 32 

0 . 400 

10. 

0 . 63 

6.3 

-0.7 

-8.2  -0. 15 

105.6 

0.30 

0 . 354 

Q‘7 

o 

0.59 

6.4 

-0 . 3 

-7.3  -0.15 

105.0 

0 , 28 

0.320 

••'rr 

» 

‘3 

0.56 

6.5 

0.  1 

-7.4  -0.  15 

104,5 

0.27 

0.  289 

S'- 

10 

0.  54 

6.  6 

0.  4 

-7. 1  -0.  15 

104.0 

0.26 

0,  262 

9. 

42 

11 

0.52 

6 . 7 

0.7 

-6.8  -0.15 

103.7 

0.25 

0.238 

p. 

30 

12 

0 . 50 

6.8 

0.9 

-6.6  -0.15 

103.4 

0.24 

0.217 

•5 

0  ^ 

TE  QE 
0.023  -0.029 

SEUS.  P.:RD.  LRT.  T.ENT.  Q.EHT.  Q.TOT. 

8.2  -1.6  3.2  0.33^1  -1.001  3.37 

RIP  COLUMU  MRS  OVER  WRTPR  12  HnilRS 
DEPTH  OF  PPL  =  1.557  KM 
PRECIP  HRTER  -  0.9  GRRMS 

SHOHFRLL  =  9.3  CM 

CLOUD  RNOUNT  =9.0 


